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THE DETECTION OF $7217 
ASYMPTOMATIC CORONARY 
ARTERY DISEASE 


Victor F. Froelicher, Jr., M. D. 


Department of Cardiology, Wilford Hall USAF Medical Center, Lackland AFB, 
Texas 78239 


Modification of the modern western life-style could reduce the epidemic of coronary 
atherosclerotic heart disease (CAD) (1-5). Since several susceptible generations will 
be exposed before primary prevention is a reality, it is advisable to evaluate screening 
methods for detecting asymptomatic CAD. The relative value of techniques for 
identifying individuals who have asymptomatic CAD should be assessed in order 
to optimally direct preventive efforts to them. Also, there is a necessity to evaluate 
individuals in whom sudden incapacitation could compromise public safety.‘ An- 
other concern is to determine the cost effectiveness of the available screening tech- 
niques. This chapter reviews some principles of applying screening tests to 
populations of asymptomatic men. 

In order to evaluate a test for a disease, one must demonstrate how well the test 
distinguishes between individuals with and individuals without the disease (6). Data 
available from the use of maximal or near maximal exercise testing (7—10) is used 
to demonstrate how a screening test can be evaluated. Table 1 lists the possible 
causes of an abnormal electrocardiographic response to an exercise test. CAD is 
listed first, since it is today’s major health problem and obviously is the main 
diagnostic objective of exercise testing. Other conditions, such as valvular and 
congenital heart disease, can be detected in better ways and poor testing techniques 
must be avoided. The other causes listed in Table 1 are hypothetical, including 
subclinical cardiomyopathies and subclinical myocarditis. These other possible 
causes do not pose as significant a threat to public health as does coronary athero- 
sclerotic heart disease. 


DIAGNOSTIC ENDPOINTS FOR CAD 


In order to evaluate exercise testing as a screening test, the populations tested must 
be divided into CAD and non-CAD groups by independent techniques. Exercise 
testing, coronary angiography, and clinical events are three methods of separating 
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Table 1 Possible causes of an abnormal ECG response to exercise testing 














pnt, 


. Coronary atherosclerotic heart disease (myocardial ischemia) 

2. Conditions and techniques causing abnormal responses not due to coronary artery 
disease (false positives) 

3. Others (hypothetical) 


Normal variant Viral myocarditis 

Cardiomy opathies Neurogenic imbalance 

Coronary artery spasm Small-vessel disease 

Cellular — membrane defect Oxygen-hemoglobin dysfunction 








populations into disease and non-disease groups. Some of the aspects and limitations 
of the abnormal electrocardiographic (ECG) response to exercise testing follow 
below: A 


1. Nonspecific nature of repolarization abnormalities (ST-TW)—not only due to 
ischemia, i.e. orthostatic (11), hyperventilation (12), eating (13), drugs (14), and 
abnormal depolarization (15). 

2. Repolarization abnormalities secondary to relative ischemia—hypertrophy (16), 
valvular and congenital heart disease (17), excessive double product (18), and 
sudden high workload (19). 

3. Technical problems—inadequate recording equipment (20), improper lead sys- 
tem (21), and imprecise interpretation (22). 


ST-segment depression is nonspecific; that is, it is not only caused by ischemia. 
ST-segment depression can be secondary to conditions that cause relative ischemia. 
As in any type of testing, technical problems can affect the interpretation. These 
things must be considered when using exercise testing as a diagnostic endpoint. They 
also partially explain why an abnormal test cannot be equated with CAD. 

The most accurate ways of separating CAD and non-CAD groups are coronary 
angiography and clinical CAD events. Coronary angiography has certain limita- 
tions. A 

It has been demonstrated in numerous studies comparing angiographic and 
pathologic findings that coronary angiography usually underestimates the patho- 
logic severity of CAD (23). Coronary. angiography can be interpreted as normal 
when severe CAD is present. This can be due to total cutoff of an artery at its origin 
(24), by diffuse atherosclerotic narrowing of an artery (25), and by proximal left 
coronary-artery lesions, which can be seen only by special axial views (26). Another 
limitation of coronary angiography is that spasm of a coronary artery may be 
transient and missed during the catheterization procedure: 

There are some important aspects and limitations of the clinical events and 
pathological endpoints that are used to separate CAD and disease-free groups. CAD 
events and clinical CAD can be due to relatively minor lesions. Hemorrhage into 
nonobstructive plaques can result in total arterial occlusion and death (27, 28). 
Also, spasm (causing symptoms and ECG changes) has been demonstrated to occur 
very commonly near relatively minor lesions (29). Pathological studies have shown 
that approximately 7% of people dying of clinical myocardial infarction have insig- 
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nificant or no CAD (30). Coronary angiographic studies have shown that some 
patients-with-classical angina pectoris (31) and myocardial infarctions (32) can have 
normal coronary angiograms. 

In spite of these limitations, coronary angiography and clinical findings or events 
are presently the most practical endpoints to separate a population into those with 
CAD and those without CAD. 


SENSITIVITY AND SPECIFICITY 


Sensitivity and specificity are the terms used to define how reliably a test distin- 
guishes diseased from non-diseased individuals (6). Sensitivity is the percentage of 
times a test gives a positive result when the subgroup with the disease is tested. 
Specificity is the percentage of times the test gives a negative result when the 
subgroup without disease is tested. This is quite different from the colloquial use of 
the word “specific.” The method of calculating these terms is shown in Figure 1. 

The sensitivity of near-maximal or maximal exercise testing can be estimated by 
analyzing certain groups of patients in studies that have used exercise testing to 
evaluate hospital or clinic patients. From such studies patients can be selected who 
have both clinical findings of CAD and abnormal coronary angiography. These 
patients have been diagnosed as having CAD by two independent techniques: clini- 
cal judgment and coronary angiography. Certainly it must be assumed that reason- 
able methods and criteria have been used by the different investigators. In Table 2 
are seven studies listed by the year reported and by the first author and place of 
origin. The denominators are the number of patients with both clinical CAD and 
abnormal coronary angiography. The numerators are the number of patients'who 
had clinical CAD, abnormal coronary angiography, and abnormal exercise tests. 
The sensitivities ranged from 33% to 82%. Bartel et al (38) studied the largest 
number of patients and’ their sensitivity of 65% was not much different from the 
mean sensitivity determined from the other six groups combined (64%). Case 
reports of individuals who had CAD events immediately following a normal maxi- 
mal or near-maximal exercise test (27, 40) emphasize the sensitivity limitations of 
exercise testing. 

As previously defined, the specificity of a test is the percentage of those without 
the disease who have a negative test. It is difficult to find sufficient numbers of 





TP 
twivele eis _ TP+FP 
Sensitivity = TP + FN X 100 Relative Risk —En 
™N +FN 
aaa EN Predictive value _ TP 
Specificity = Epp ty * 100 of an abnormal test ` TP+ FP * 100 


Figure 1 Calculation of sensitivity, specificity, relative risk, and predictive value. (TP = true 
positives or those with abnormal test and disease; FN = false negatives or those with normal 
test and with disease; TN = true negatives or those with normal test and no disease; and - 
FP = false positives or those with abnormal test and no disease.) g 
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Table 2 Sensitivity of exercise testing (maximal or near maximal) in patients with 
clinical CAD and abnormal coronary angiograms 








Percentage with abnormal test 








Study (Ref.) (sensitivity) 
Mason; John Hopkins (33) 78 (38 
(1967) 49 
Kasselbaum; Univ. Oregon (34) 50 ( 18 ) 
(1968) 36 
Roitman; Univ. Alabama (35) 80 24) 
(1970) : 30 
Ascoop; The Netherlands (36) 59 ( 26 
(1971) : 44 
McHenry; Univ. Indiana (37) 82 (2) 
(1972) 85 
Bartel; Duke (38) 65 216 ) 
(1974) 332 
Borer; NIH (39) 33 (8 
(1975) 39 
405 
Total 66 (ae) 


(Mean of percentages = 64) 


individuals without clinical CAD and with coronary angiography, because there are 
few patients studied with coronary angiography who do not have clinical CAD and 
do not have abnormal exercise tests. Therefore I have elected to utilize data from 
follow-up studies. This involves using an endpoint determined from an incidence 
study as opposed to a prevalence study, and may only approximate the specificity 
obtained from using coronary angiography. Table 3 lists four follow-up studies in 
which asymptomatic, apparently healthy men were tested using maximal or near- 
maximal exercise and then followed for two to six years for the manifestations of 
CAD. The numerators are subjects who did not develop the manifestations of CAD 
and had a normal test, and the denominators are all subjects who did not develop” 
CAD over the follow-up period. The calculated specificities of 90% to 92% are 
surprisingly consistent. 


RELATIVE RISK AND PREDICTIVE VALUE 
OF AN ABNORMAL TEST 


When using a screening test, it is also important to know what the relative risk of 
an abnormal test will be and what its predictive value will be. Figure 1 shows how 
these terms are calculated. The relative risk is the relative chance of having disease 
if the test is abnormal, as compared to having disease if the test is normal. Table 
4 shows the relative risk for the subjects with an abnormal test of developing CAD, 
as compared to subjects with a normal test. The risks range from 10 times to 14.3 
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Table 3 Specificity of exercise testing in four studies that screened asymptomatic men 
with maximal or near-maximal exercise testing and followed them for manifestations of 
CAD 








Percentage of those without 
CAD with normal test 





Study (Ref.) (specificity) 
` Bruce; Univ, Washington (41) 91 ( 197) 
(1969) 5 yr 216 
Aronow; Long Beach VA Hosp. (42) 92 ( 24) 
(1975) 5 yr 91 
Froelicher; USAFSAM (8) 92 ( 1232 ) 
(1974) 6.3 yr 1344 
Cumming; Univ. Manitoba (43) 90 438 ) 
(1975) 3 yr 484 
Total 91 (373%) 





Table 4 Results of four follow-up studies using maximal or near-maximal exercise testing 
to screen asymptomatic men for latent CAD 


Relative risk of - Predictive 


f ; developing CAD over value of an ies 
Follow-up stndies olioan period of abnormal saa eg 
Ref) 2-6 yr for those with exercise test mee 
an abnormal exercise test (%) 
Bruce (41) 13.6 13.6 86.4 
Aronow (42) <- 13.6 46 54° 
Froelicher (8) 14.3 20 80 
Cumming (43) 10 25 75 





times for the abnormal responders; thus the exercise test has been demonstrated to 
find a subgroup of apparently healthy, asymptomatic men at very high risk of 
developing CAD. ° 

Predictive value of an abnormal test is the percentage of those with an abnormal 
test who have the disease. The percentage difference, calculated by subtracting the 
predictive value from 100% will be the false-positive rate. As shown in Table 4, if 
the predictive value is 13.6—46%, that percentage of the abnormal responders will 
have the disease and 54-86.4% of the abnormal responders will not have the 
disease. Neither the predictive value nor the false-positive rate can be estimated 
directly from a test’s demonstrated specificity or sensitivity. Predictive value and the 
false-positive rate are dependent upon the prevalence of disease in the population 
tested. This can be easily explained by a series of simple calculations. 
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Table § Performance of a test with a 60% sensitivity and a 90% specificity in a popula- 
tion with a 1% prevalence of disease 











Subjects Number with abnormal test Number with normal test 
100 diseased 60 (TP) 40 (FN) 
(Sensitivity) 
9900 nondiseased 990 (FP) 8910 (TN) 
(Specificity) 
Total 1050 8950 








Predictive value of ____ TP _ 60 
an abnormal test TP+FP 1050 


False-positive rate = 100 ~ 5.7 = 94.3% 
Relative risk = 12.7 


= 5.7% 


Table 5 demonstrates how a test with a sensitivity of 60% and a specificity of 90% 
performs in a population with a 1% prevalence of disease. As previously demon- 
strated, these values approximate the sensitivity and specificity of maximal or near- 
maximal exercise testing. Since 1% of the 10,000 men have disease, 100 men have 
disease. In the middle column are the number of men with abnormal tests and in 
the far right column are the number with -normal tests. Since the test is 60% 
sensitive, 60% of those with disease will have abnormal tests and are true positives. 
The remaining 40 have normal tests and are false negatives. Since the test is 90% 
specific, 90% of the 9900 without disease are true negatives, while the remainder 
are false positives. To calculate the predictive value, the true positives are divided 
by all of those with an abnormal test. Table 6 shows the performance of a test with 
the same 60% sensitivity and 90% specificity in a population with a 10% prevalence 


Table 6 Performance of a test with a 60% sensitivity and a 90% specificity in a popula- 
tion with a 10% prevalence of disease 











Subjects Number with abnormal test Number with normal test 
1000 diseased 600 (TP) 400 (FN) 
(Sensitivity) 
9000 nondiseased 900 (FP) 8100 (TN) 
i (Specificity) 
Total 1500 8500 





Predictive value of _ TP 600 
an abnormal test TP+FP 1500 


False-positive rate = 100 — 40 = 60% 
Relative risk =8.5. 
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of disease. After performing the same calculations as in Table 5, it is obvious that 
using the test in a population with a greater disease prevalence reduces the false- 
positive rate. 

` Table 7 shows the predictive value and the false-positive rate for an abnormal test 
with a 60% sensitivity and a 90% specificity when used in four populations of 
differing prevalences. The values were determined as calculated in the two previous 
tables. It is obvious that as the prevalence of disease increases, the predictive value 
increases and the false-positive rate decreases. Table 8 shows how a test with a 95% 
specificity and 95% sensitivity would function in populations with a spectrum of 
disease prevalences. Such a test would be the near-perfect test and presently there 
is no such screening technique available. However, the same relationship of disease 
prevalence and predictive value is again found, confirming that this relationship is 
inherent in all tests. This is consistent with the Bayes theorem (44) and the predictive 
model (45). 


CORONARY ANGIOGRAPHY AND TREADMILL TESTING 
AT USAFSAM 


The results of cardiac catheterization and treadmill testing in aircrewmen has 
supported this relationship (46). Two subgroups can be contrasted; one with a low 
and one with a high prevalence of CAD. Asymptomatic; apparently healthy air- 
crewmen referred to the USAF School of Aerospace Medicine (USAFSAM) consul- 
tation service probably have a CAD prevalence less than the general population 
because of the selective process to enter and remain on flying status. One hundred 
and eleven such aircrewmen had coronary angiography only because of an abnormal 
maximal treadmill test and 30.6% of them were found to have at least one lesion, 
> 50% in a major coronary artery. Thus the predictive value of an abnormal 
treadmill test in them was approximately 30.6%. In contrast, angiography was also 
performed, no matter what the result of treadmill testing, in 52 men who were 
referred because of mild probable angina pectoris and/or a probable remote myocar- 
dial infarction. Since this group of men were more similar to a hospital or clinic 
population, they had a higher prevalence of CAD-—A pproximately 60% of them had 


Table 7 The effect of the prevalence of a disease on the predictive value and false- 
positive rate of an abnormal response to a test that has a 60% sensitivity and 90% 
specificity 











Prevalence Predictive value False-positive rate 
(%) (%) - (%) 
1.0 5.7 94.3 
5.0 24 76 
10.0 40 60 


50.0 86 14 
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Table 8 The effect of the prevalence of a disease on the predictive value and false- 
positive rate of an abnormal response to the near-perfect test (95% sensitivity, 95% 
specificity) 











Prevalence Predictive value False-positive rate 
(%) (%) (%) 
0.1 2 98 
1.0 16 84 
2.0 28 72 
5.0 i 50 50 
10.0 68 32 
50.0 95 5 





at least one lesion, =~ 50% on coronary angiography. Table 9 describes the perfor- 
mance of treadmill testing in these 52 men. The predictive value of 74% was much 
higher than that found in the asymptomatic, apparently healthy men who only had 
an abnormal treadmill test. 


OTHER SCREENING TECHNIQUES 


There are other techniques or tests that could be used to screen asymptomatic men 
for latent CAD. These include risk-factor screening (1-5), systolic time intervals 
(47), ballistocardiography (48), resting routine ECG’s (49), high-frequency ECG’s 
(50), apexcardiography (42), and kinetocardiography (51). We are now in the early 
stages of developing a multiple logistic-probability equation using the Duncan- 
Walker technique (52) based on the results of coronary angiography in 325 aircrew- 
men (46). This should enable the prediction of the probability of having 
angiographic CAD in USAF aircrewmen. The cardinal risk factors will initially be 
used, but later additional data, such as the resting ECG, functional performance, 
and arrhythmia prevalence, will be used. We hope that this will improve the sen- 
sitivity and specificity of screening for latent CAD in our population. 

Annual resting ECG’s hold great promise as a screening tool for CAD. However, 
the sensitivity and specificity limitations of resting ECG’s are already apparent (46, 
53). ECG abnormalities do not have as high a predictive value for CAD in asymp- 
tomatic populations as they do in hospital or clinic patients (46) because of the 
differences in prevalence. Follow-up studies will have to be performed to actually 
determine these values as well as the cost effectiveness of this screening technique. 
The addition of computer techniques to the ECG can certainly facilitate ECG 
testing procedures as well as enable measurements to be made more accurately. 
However, the impact of computer techniques upon sensitivity and specificity are 
uncertain and need to be demonstrated. At this time, the high cost of programming 
may outweigh the advantages of computers, but the development of microprocessors 
may revolutionize this situation. 
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Table 9 Analysis of how maximal treadmill testing (MTT) functioned in 52 patients 
studied with coronary angiography because of either a probable myocardial infarct or 
mild angina pectoris. 











Relative risk 
Percentage of those Percentage of those of having 
Percentage with with abnormal MTT False- with significant angiographic 
abnormal MTT who had significant positive angiographic CAD CAD if MTT 
test angiographic CAD rate who had abnormal response is 
(predictive value) MTT (sensitivity) abnormal 
: ‘ vs normal 





34 25 9 25 
65 (3) 74 (3) 26 (2) 78 (22) 1.9X 


RELATIONSHIP OF SENSITIVITY AND SPECIFICITY 








No matter what techniques are used, there is a trade-off between sensitivity and 
specificity. The more specific a particular test is (i.e. the more able it is to determine 
who is disease-free), the less sensitive it is. This trade-off is altered by adjusting the 
criteria for abnormal according to the application of the test. When the criteria for 
an abnormal ECG response to exercise testing are altered to make it more specific 
for CAD, sensitivity has lessened (10). Certainly, when screening aviators who have 
jobs where sudden incapacitation can compromise public safety, sensitivity is of 
utmost importance. 

In men less than 30 years of age, the prevalence of significant CAD is so low that 
tests screening for electrical or mechanical signs of dysfunction are inappropriate 
(7, 8). The effective yield of such tests is so low that it is better to screen for factors 
that appear to cause the atherosclerotic process. Such risk-factor screening should 
be performed in children and young people in order to prevent or stop CAD in its 
earliest stages (54). 

The use of additional data gathered from treadmill testing has been stressed by 
other investigators. These data include maximal heart rate and blood pressure, 
functional aerobic capacity, and the heart-rate and blood-pressure response to sub- 
maximal work loads (38, 55-57). However, the criteria for abnormality and their 
effect on the sensitivity and specificity of these measurements have not been ade- 
quately determined (58). 


SUMMARY 


In summary, near-maximal or maximal exercise testing has.a sensitivity of approxi- 
mately 60% and a specificity of approximately 90% for coronary atherosclerotic 
heart disease. When screening asymptomatic men with exercise testing, an abnormal 
response identifies a group of men at very high risk for coronary artery disease. 
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However, the predictive value limitations are obvious and the false-positive problem 
must be realized. At present, there is no second line of noninvasive studies that can 
separate an exercise-test false positive from a true positive with certainty. Risk- 
factor consideration may help separate them. The sensitivity limitations of exercise 
testing must be especially considered when evaluating people at high risk for CAD. 
An abnormal test response does not absolutely predict the presence of CAD and 
a normal response does not rule out its possibility. In appropriate instances where 
coronary angiography can be performed at minimal risk and when it is justified for 
reasons of public safety or individual well-being, this procedure can give a reason- 
ably definitive answer. Creation of iatrogenic “cardiac cripples” can be the most 
common complication of screening tests and should be avoided. Therefore, good 
clinical judgment needs to be used in conjunction with any screening test. 
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The subject of this chapter is a broad one and it is necessary to be selective in its 
discussion. I focus on two major areas: (a) the contro] and interrelationships of ionic 
movements in the myocardial cell and (b) the source of the calcium (Ca) that 
regulates the cell’s force development. The first area I present with particular 
attention to the action of the digitalis glycosides, since these drugs are of consider- 
able clinical interest and because they have been of great aid in the definition of ionic 
movements. The second area is one of rapid development and is of particular interest 
to those concerned with preservation of the myocardium under various pathological 
conditions. There remains a good deal of controversy in both areas, but this is to 
be expected when our experimental tools are as yet incapable of testing a variety of 
internally consistent models. 


CONTROL OF IONIC MOVEMENTS—THE ACTION 
OF DIGITALIS 


The digitalis compounds are very specific with respect to their action on a variety 
of cell types. There is no evidence indicating that digitalis does anything but inhibit 
the Na-K pump at the cellular membrane (1). Schatzmann (2) was the first to show 
that the drug acts directly upon the pump, followed by the demonstration that 
radioactively labeled digitalis compounds bind specifically to Na-K ATPase, the 
enzyme that controls the activity of the pump (3). It would be predicted that 
inhibition of the pump would result in a net loss of K and a net gain of Na by the 
affected cell; this has been conclusively demonstrated (4, 5). 

Though there is agreement that the action of digitalis is to specifically inhibit 
Na-K pumping, there remains disagreement among enzymatic studies as to whether 
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this inhibition can or cannot be dissociated from the positive effect of the drug on 
cardiac contractility. Okita et al (6), using short-acting compounds and drug wash- 
out experiments in isolated hearts, has demonstrated that although the Na-K 
ATPase isolated from such preparations is still significantly inhibited, the positive 
inotropic effect was no longer evident. These studies are to be contrasted with those 
of Allen et al (7) and Ku et al (8), in which there was a positive correlation between 
enzyme inhibition and increased contractile force. It is possible that the reason for 
these different results lies in the need to compare the functional state of the tissue 
in vivo with the state of the enzyme in vitro after fractionation. In the in vivo state, 
the enzyme demonstrates an asymmetric response to Na and K at the inside and 
outside of the membrane and the ionic requirements are quite specific. It is not 
surprising, therefore, that relatively small differences in fractionation technique and 
iri the suspension medium would affect enzymatic activity. 

Using intact, functional-ventricular muscle, it has not been possible to dissociate 
the production of positive inotropy by digitalis compounds from Na-K pump inhibi- 
tion (9-12). The inhibition need not result in very large ionic changes in the cell, 
e.g. maximal inotropy is coincident with an increase of 2-3 mmole Na/kg wet wt 
of ventricle. This represents a gain of 15-20% in total cellular Na (13, 14), but it 
should be emphasized that this relatively small gain could produce a very large 
increase in Na concentration in a restricted or compartmentalized portion of the 
cell. It is clearly established that approximately 80% of ventricular Na is bound or 
compartmentalized and not homogeneously distributed in the cell water (15). 

I believe, then, that the evidence available at present favors the concept that by 
some mechanism an inhibition of the Na-K pump leads to augmented contractile 
force. If this is the case, it raises interesting possibilities as to the basic mechanisms 
of ionic control of contractility. How might the glycoside-induced net gain in 
cellular Na and/or net loss in cellular K result in a more forceful contraction? 

Before I examine some of the models proposed, it is necessary to note the effect 
of digitalis on Ca movements at and across the cellular membrane. It is well 
documented that Ca influx is augmented after glycoside administration (5, 9, 16-18) 
and it can reasonably be concluded that it is an increase of Ca at the myofilaments 
that serves as the final mediator of the positive inotropism. This, then, raises the 
possibility that the Na and K movements summarized above could in some way be 
related to the Ca influx. 

The possibility of a system in which Na and Ca movements are related was 
discussed in 1964 by Repke (19) and by Langer (20). Though a Na-Ca flux relation- 
ship was supported by further experiments in heart tissue (21), it remained for 
experiments on the perfused squid axon (22) to suggest a more detailed model. In 
this preparation it was clearly demonstrated that upon an increase in Na concentra- 
tion at the inner side of the membrane, Ca influx was significantly augmented. 
Indirect evidence for the same sequence has now been found in heart muscle (14). 
These demonstrations provide a plausible link between the primary action of the 
digitalis compounds, i.e. Na-K pump inhibition with resultant intracellular Na 
accumulation, and the increased Ca influx believed to be directly responsible for the 
augmented force development. 


IONIC BASIS OF MYOCARDIAL CONTRACTILITY 15 


Despite the clear evidence for enhanced influx of Ca with glycoside administra- 
tion, there is no evidence that this movement is associated with an increased inward 
current that might be expected to be manifest during the excitation-contraction 
coupling period. Two recent studies (23, 24) using voltage-clamp technique could 
find no change in the amplitude of the so-called slow inward current, which is 
believed to be associated with electrogenic Ca movements into the cell. This was 
despite the administration of markedly inotropic concentrations of digitalis. This 
means that if the Ca flux that is responsible for the force development moves across 
the sarcolemmal membrane (see below), it moves in an electrically neutral manner. 
Such movement would be consistent with a model that links outward Na movement 
to inward Ca movement via a carrier moving across the cardiac sarcolemma (25) 
—much as has been demonstrated for the squid axon membrane. 

It has been proposed (24) that the augmented inward Ca movement is linked not 
to Na efflux, but directly to the augmented K efflux that digitalis produces (see 
above). Such K-Ca coupling could serve to explain the electroneutrality of the 
system as well as a Na-Ca coupling. It is, however, unlikely that a K-Ca coupling 
plays a role. It has been shown that both respiratory acidosis (26) and magnesium 
(12) are capable of a specific blockade of K efflux from the heart, and both interven- 
tions have been used to eliminate the increased “K leak” induced by the glycosides 
(12, 27). A marked inotropic effect occurred without an increase of K efflux. 
K-uptake experiments did, however, clearly demonstrate that the Na-K pump was 
inhibited and therefore a net gain in cellular Na was induced. This is consistent with 
the proposed Na-Ca exchange model. 

nee support for the proposal that digitalis exerts its inotropic effect by aug- 
mentation of a Na-Ca carrier system comes from our recent study on the neonatal 
rat heart, which demonstrates a striking decrease in its sensitivity to ouabain over 
the first 3 weeks of life (10). During the first week after birth, 5 X 10-5 M ouabain 
produces a 140% increase in force development. The same dose of ouabain produces 
only a 12% increase in force in hearts removed from 3-week-old rats. During the 
two-week interval over which.resistance to ouabain is developing, the duration of 
the plateau phase of the ventricular action potential decreases markedly. This 
decrease was due, in part, to closure of a “slow channel” for Na influx, which would 
have the effect of diminishing the Na influx associated with excitation. It would 
follow that as the rat ventricle aged, the Na influx per excitation would decrease-and, 

therefore, there would be less increase in cellular Na when the Na-K pump was 
inhibited. The development of insensitivity to glycoside as the rat ages is, then, 
consistent with less accumulation of cellular Na upon administration of the drug. 
Additional support for this sequence is the demonstration that the markedly positive ` 
inotropic response to ouabain exhibited by the one-week-old heart was eliminated 
when these hearts were perfused with a solution containing 50% [Na], and 25% 
[Ca], as compared with the normal perfusate. This solution does not alter control- 
force development since the ratio [Ca],/[Na]} is held constant and therefore the 
“availability” of Ca for excitation-contraction (E-C) coupling is unchanged (28). 
The reduction in [Na], does, however, diminish the Na influx per excitation and is 
then comparable to the aging process. 
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The foregoing discussion has used the action of digitalis to review some of the 
present concepts of the ionic control of myocardial contractility. It has been pre- 
sented with a bias toward the importance of a Na-Ca exchange system and it should 
be emphasized that others are of the opinion that K efflux cannot be ruled out as 
an important mediator of inotropy (24), or that digitalis causes a specific conforma- 
tional change in the Na-K ATPase, which then allosterically affects adjacent mem- 
brane phospholipids to increase their affinity for Ca (29). It is proposed that this Ca 
is released directly to the sarcomeres without the need for augmentation of a Na-Ca 
exchange system. The subject obviously requires further definition before a final 
model can be assumed. In addition, implicit in the Na-Ca change model as I have 
reviewed it is the concept that the major source of contractile-dependent Ca in the 
heart is derived from sites in rapid equilibrium with the interstitial space, i.e. not 
derived from the lateral cisternal components of the sarcotubular system as is 
presently accepted for skeletal muscle (30). The source of Ca is another controver- 
sial area currently under investigation in many laboratories and deserves a brief 
review. 


SOURCE OF CONTRACTILE-DEPENDENT CALCIUM 


Solaro et al (31) have shown that approximately 35 umoles Ca/kg wet wt of heart 
muscle delivered to the myofilaments is sufficient to produce 90% maximum force 
development. This value is to be compared to the amount of Ca calculated to cross 
the sarcolemmal membrane using voltage-clamp data with integration of the slow 
current (believed to represent Ca influx) with respect to time. When such integration 
is done, the maximum Ca influx associated with full mechanical activation is 
between 5 and 10 umole Ca influx (kg)! (beaty! (32, 33), with most values an order 
of magnitude less. Solaro et al (31) indicated that 8 p»mole/kg wet wt were required 
for 10% maximum force development; thus the value for Ca influx derived from 
analysis of its electrogenic movement is barely enough to exceed mechanical thresh- 
old, much less account for full contractile force. Therefore, there must be consider- 
able Ca flowing to the myofilaments during activation that is not electrogenic. . 

There are two general models currently proposed to account for the additional 
Ca required for the major portion of activation. One of the models places the Ca 
in an intracellular storage site (probably the lateral cisternae of the sarcotubular 
system) to be released by a potential change at the sarcotubular membrane or by 
a small amount of Ca coming across the sarcolemma (so-called triggered or regener- 
ative Ca release) (34, 35). Except for the absolute quantities involved, this model 
is similar to that now generally accepted for skeletal muscle, where the source of 
coupling: Ca is the intracellular sarcotubular system (30). Since the major portion 
of the Ca is derived intracellularly, it would not contribute to the slow inward 
current, and the model is therefore consistent with voltage-clamp findings. 

The model is not, however, consistent.with a number of findings that indicate 
major differences between heart and skeletal muscle with respect to the E-C coupling 
sequence (36): 
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1. Perfusion with solution that contains no Ca causes heart-muscle force to decline 
with a half-time of 15-60 sec, whereas skeletal muscle force declines with a 
half-time of 30 min or longer. 

2. Various cations, such as lanthanum, when added to heart muscle perfusate, ‘are 

_ capable of producing complete blockade of E-C coupling, but are almost totally 

_ ineffective in skeletal muscle tissue. 

3. Induction of respiratory acidosis results in a marked reduction of force in heart 
muscle and produces no or minimal effects in skeletal muscle. 

4. Correlation of the pattern of decline of force with the pattern of Ca exchange 
(using “5Ca tracer) indicates that E-C uncoupling in the heart occurs as Ca is lost 
from a very rapidly exchangeable pool (t, = 1 min or less). Similar studies on 
skeletal muscle indicate that the rapidly exchangeable Ca pool plays little role 
in the support of force. 

5. Recent evidence indicates that “triggered” Ca release is not physiological in 
skeletal muscle. It remains controversial as to whether or not the process plays 
a role in normal heart muscle. There is evidence that it is operative in the skinned 
cells from rat ventricle (37), but is more difficult to demonstrate in skinned cells 
from ventricles of other mammalian species (38). 


If triggered release plays a physiological role in the E-C coupling sequence in the 
heart, a model in which Ca is derived from an intracellular source is certainly 
possible. A conclusive answer will probably not be obtained until a cardiac single- 
fiber preparation with intact (unskinned) membrane is achieved. As the preceding 
points indicate, however, a model that places the coupling Ca at the cellular surface 
is a very real alternative. 

If the Ca is derived from the cellular surface, it has to be bound or stored in 
association with some structure. External to the unit membrane (approximately 90 
A thick) there is a structure usually referred to as the basement membrane. This 
is a misnomer. The structure is composed of an inner layer of glycoprotein (approxi- 
mately 200 A thick) called the cell coat and an outer layer (approximately 400 A 
thick) termed the external lamina. These layers contain, among other things, large 
amounts of acidic mucopolysaccharides, which are therefore anionic at the pH of 
the extracellular space (39). It is reasonable to expect that this area of the cell would 
be capable of binding significant amounts of Ca, and’ evidence for this has been 
presented (40). It can be visualized that the Ca “stored” within the surface layers 
would supply two general systems—one a system of pores or conductive channels 
through the unit membrane and the other the carrier system capable of moving Na 
outward and Ca inward. The pores are visualized to function as selective channels 
for the electrogenic movement of ions (measured by voltage-clamp technique), 
including Ca. The carrier system would transport ions in an electroneutral manner 
as previously described. 

The surface layers (surface. coat and external lamina) and their possible role in 
heart-muscle function have been virtually neglected. The major importance of sur- 
face constituents is emphasized by our recent study on sialic acid (41). The sialic 
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acids occupy peripheral, terminal positions in the oligosaccharide portions of the 
glycoproteins and glycolipids that make up a large component of cellular surface- 
coat material (42) and they have a particular affinity for Ca (43). We have found 
that removal of sialic acid from cultured heart cells with highly purified neuramini- 
dase (specific for cleaving sialic acid) markedly increases cellular Ca exchangeability 
(41). It is striking that as the membrane becomes nonselective with respect to Ca 
permeability, its selectivity for K is maintained. 

These results indicate an important role for the surface coat/external lamina 
complex in the regulation of Ca exchange in the heart. Work in progress in our 
laboratory strongly indicates that the integrity of the surface layers plays a signifi- 
cant role in the determination of reversibility after myocardial cell injury such as 
follows an ischemic period. It is likely that Ca overloading of the cell is a major 
contributor to progressive cellular damage during reperfusion (44). Though it is 
possible that failure of Ca-sequestration mechanisms plays a role in the overloading, 
it seems very likely that increased influx also occurs. If the surface layers, and more 
specifically sialic acid, play a critical role in the control of Ca entry, they deserve 
increased attention in our studies of ionic exchange in both normal and pathological 
states. 


CONCLUSION 


Knowledge about the basic physiology of mammalian cardiac muscle has lagged 
behind that of skeletal muscle because the tissue is more difficult to deal with 
experimentally. The cells are much smaller, they do not tolerate anaerobic condi- 
tions very well, and they cannot be tetanized. Therefore as knowledge has developed 
about skeletal muscle, there has been a tendency to extrapolate to the myocardium. 
In many instances such extrapolation has been misleading, especially in the area of 
ionic control of contractility. The mammalian heart, with its “all or none” con- 
traction, must have an intrinsic mode of modulating its force development. There 
is no mechanism as in skeletal muscle for recruitment of more or less motor units 
as force or work required varies. The heart cell uses two basic mechanisms in the 
regulation of its contraction—the variation of force with initial cellular length (the 
classic Frank-Starling mechanism) and the variation of the amount of Ca that 
reaches the myofilaments. This brief review has focused on the second mechanism. 
I have emphasized the following points: 


1. The source of contractile-dependent Ca in the heart is at the cell surface in rapid 
equilibrium with the extracellular space. 

2. It is likely that a large portion of this surface Ca is bound to negatively charged 
molecules located in the surface coat/external lamina complex. Sialic acid is a 
major constituent of the surface complex and recent studies indicate that it is 
important in the control of Ca permeability in the myocardial cell. i 

3. The Ca derived from the surface complex crosses the sarcolemmal unit mem- 
brane by two routes: (a) a “pore” system: passage through this system is electro- 
genic and measurable by voltage-clamp technique; (b) a “carrier system:” 
passage through this system is coupled to the outward movement of another 
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cation—most likely Na—such that it is electroneutral and therefore, the inward 

, Ca movements are not detectable by voltage-clamp technique. 
4. The primary action of the digitalis glycosides is to inhibit the Na-K pump. This 
` increases Na intracellularly, which in turn increases the Na-Ca carrier activity 
` with the result that more Ca is delivered to the myofilaments. This produces the 


well-known positive inotropic effect. 


5. Finally, there remains considerable controversy with respect to the foregoing 
points. At this time, they should be viewed as components of a working model 
that awaits the development of experimental tools to test further its validity. 
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INTRODUCTION 


The first successful penetrating corneal transplant in man was reported just over 70 
years ago (1). It is only during the last 25 years, however, that this type of surgery 
has achieved a reasonable chance of success. More recently, in the last 5 to 10 years, 
corneal transplantation has been improved to the point where some transplants have 
a 95% success rate and most transplants have better than an 80% chance of the 
cornea remaining clear. Previously hopeless cases, such as chemical burns, have 
about 50% chance of retaining clarity. The reason for this marked improvement in 
prognosis for clear corneal transplants appears to rest on three advances: (a) im- 
proved surgical methodology, technology, and instrumentation; (5) a better under- 
standing of corneal biology, especially the recognition of the importance of the 
corneal endothelium and its preservation; and (c) anti-inflammatory agents to better 
contro] graft rejection. 

Before beginning a more thorough discussion of each of these factors, we describe 
the two major types of corneal transplant or keratoplasty. The first type is a lamellar 
keratoplasty, or split-thickness transplant (Figure 1) and the second is a penetrating 
keratoplasty, or full-thickness transplant (Figure 2). In lamellar keratoplasty a thin 

"partial thickness of corneal tissue is excised from the host eye, leaving a portion of 
the stroma and the entire endothelium. This is replaced by a matching partial 
thickness of corneal tissue from the donor eye. Prior to modern technology, lamellar 
keratoplasty was used extensively because healthy living tissue was less critical, 
precise surgical apposition less necessary, and its prognosis for visual rehabilitation 
was greater than that for penetrating keratoplasty, which tended to have greater 
complications. However, in lamellar keratoplasty the corneal healing process often 
results in a variable-interface scar between host and donor tissue with less than 
normal corneal transparency. Although lamellar transplantation is usable for su- 
perficial scars and ulcers, it is not suitable for full-thickness stromal or endothelial 
damage. Recent advances have tremendously improved the prognosis for a clear 
penetrating keratoplasty, which may afford better visual acuity and which can 
rectify deep pathology. Therefore, the penetrating keratoplasty#hassbecome the 
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much more common procedure for restoration of vision. Lamellar keratoplasty is 
now more often used to strengthen penetrating peripheral corneal ulcers where some 
loss of transparency will not affect visual acuity, or it is used for preliminary repair 
of small corneal perforations to maintain the integrity of the eye. In addition, 
lamellar grafts are also used for tectonic buildup of thinned corneas so that a later 
full-thickness keratoplasty can be performed with a greater probability of success. 
Lamellar keratoplasties may also be performed as part of “refractive” keratoplasties 
in patients with unilateral large refractive errors to reduce these by changing the 
curvature of the corneal disc. 


HISTORY 


There are several textbooks on corneal transplantation that contain detailed histo- 
ries (2-5); only a brief history is presented here. In 1789 de Quengsy suggested the 
possibility of replacing opaque cornea with a transparent material to restore vision. 
Erasmus Darwin in 1796 suggested cutting out a portion of the opaque cornea to 
allow healing with formation of a “transparent scar.” However, corneal transplanta- 
tion did not begin until the nineteenth century. Himly (1813) suggested that one 
might replace opaque cornea in one animal with clear cornea from another. How- 
ever, it was his pupil, Frans Reisinger, in 1818, who finally went beyond “‘sugges- 
tions” to initiate corneal-transplant experiments in animals. It was Reisinger who 
suggested the name “keratoplasty,” the procedure of corneal transplantation. Al- 
though he worked only with animals, he suggested in 1824 that transparent animal 
cornea might be used to replace opaque human cornea. Though Reisinger’s work 
stimulated great interest, his idea was considered by a prominent contemporary as 
“one of the most audacious fantasies.” 

The first human transplant recorded was by Kissam in 1844 when he reported 
an unsuccessful keratoplasty using the cornea of a pig as donor. Because of the 
difficulties encountered with the keratoplasty procedure, von Walther recommended 
replacing only the anterior layers of the cornea and subsequently lamellar trans- 
plants attracted much attention. In 1877 von Hippel reported a lamellar kerato- 
plasty in man using dog cornea, but it was also unsuccessful. The lamellar technique 
of von Hippel, best described in 1888, outlined the use of a trephine and some other 
features of keratoplasty still used today. 

Power in 1872 had suggested that one needed homoplastic tissue for donor 
material, but his reason for this was related to matching of corneal thickness, not 
to antigenic differences in species. Although many attempts at penetrating corneal 
transplants were made, it was not until the twentieth century (1906) that a success 
was reported. It was Zirm who reported a case performed the previous year, when 
he had transplanted a cornea from an enucleated eye of an 11-year-old boy into a 
man with corneal scarring from a lime burn. Following this report, interest in 
penetrating keratoplasty was again stimulated and the foundations of modern cor- 
neal transplantation were laid, especially in the 1920s and 1930s by Elschnig (6) in 
Prague, and Filatov in Odessa (7). They showed that corneal transplants could be 
performed with some chance of success. Slow progress was made prior to World 
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War II with contributions from all parts of the world: Castroviejo (USA), Tudor- 
Thomas (Great Britain), Nizetic (Yugoslavia), Imre (Hungary), Franceschetti 
(Switzerland), Arruga (Spain), Friede & Lohlein (Germany), and Vannas (Finland) 
(2). However, the most rapid progress and greatest strides in keratoplasty followed 
World War II. The introduction of antibiotics, steroids, better instrumentation, and 
an understanding of the biology of the cornea and vitreous humor led to the great 
increase in prognosis for clear keratoplasties recorded in the 1950s and 1960s. 


DISCUSSION 


It was the mid-twentieth century advances that transformed the nineteenth-century 
“audacious fantasy” into practical, commonplace reality. 

The first significant problem encountered in attempting a keratoplasty was the 
corneal wound. How could one approximate the corneal tissue to form a watertight 
wound that would retain aqueous humor within the anterior chamber and maintain 
a bond, while allowing a period for healing to produce a physiologic union? Early 
efforts to provide wound integrity were by use of splints over the top of the trans- 
plant rather than appositional sutures through -the tough, thin (0.5 mm) cornea. 
These included suturing the lids, conjunctival flaps, disc-like splints placed over the 
corneal button, and later, overlying sutures. Finally, direct corneal apposition was 
performed using neédles and suture material from donor to host. Because of the 
delicate manipulations involved, operating loupes of 2X to 4X magnification were 
required. However, modern technology has provided operating microscopes that 
now give clear operating fields with 6X to 20X magnification. Because of these 
developments, newer and finer needles and sutures could be developed. These su- 
tures, although fine, have remarkable tensile strength. Before all these advances, 
full-thickness grafts were prone to blowout with sudden movement, inadvertent 
bending, or a sudden blow—even many months following the operation. In the early 
years, not so long ago, absolute inactivity was a must in the early postoperative 
period and relative inactivity was required for many months. : 

The strength of the corneal bond is important, but precision of the. bond is as 
important in preventing-opacification of the graft. One needs a watertight junction 
to prevent the leakage of aqueous humor and development of corneal adhesion to 
other intraocular tissue (e.g. iris, lens, or vitreous humor), and also distortion of the 
surface that would give severe astigmatism and optical errors. Poor healing can lead 
to infection or ultimate opacification, due to graft rejection. The cornea is only 0.5 
mm thick. The commonly used 10-0 nylon suture is 23 um in diameter, requiring 
surgical accuracy of between 0.01 and 0.05 mm in placement of sutures. In some 
cases, suture as fine as 13 um has been used. 

There have been various modifications of the suturing technique. Sutures are 
placed in either an interrupted or continuous manner. Interrupted sutures (Figure 
3), usually 16 in number, tend to be slightly more irritating, stimulate more vascular- 
ization, and require earlier removal. However, this vascularization provides more 
rapid healing and earlier suture removal is possible and often safer. Continuous 
sutures are less irritating, but if the suture pulls through the tissue or loosens, the 
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entire wound is in jeopardy; it cannot be partially removed safely if one area of the 
wound has early vascularization. For this reason, continuous sutures tend to be 
reserved for those corneas with avascular opacities or thinning, and when inter- 
rupted sutures are used, cutting the suture on the knot and burying it minimizes 
irritation and gives results similar to continuous sutures. 

The fine, less irritating suture has also been a double-edged sword, in that healing 
takes longer. Although its tensile strength gives a tight bond, healing may take up 
to a year, and removal of the suture even at that time has lead to wound dehiscence 
from lack of complete union between donor and host (8). This may cause graft 
opacification from either rejection or infection (9, 10). 

Because slow wound healing requires sutures to remain in place over a long 
period, delaying visual rehabilitation, new suturing techniques have been devised. 
We are using a “double continuous” suture technique on avascular corneas. A 10-0 
monofilament nylon suture is placed for watertight bond and a second, continuous 
16-um suture is placed less tightly. The first “coarse” suture is removed at about 
three months. Removing this tight suture releases tension, while the slightly less taut 
16-um suture keeps apposition to allow continued healing. Spectacles or contact 

- lenses may be fitted for vision, as the fine nature of the 16-ym suture allows it to 
be covered with corneal epithelium and goes unnoticed by the patient. 

Besides instrumentation, another critical factor in the improved prognosis for 
clear corneal transplants is a better understanding of corneal biology. With the 
awareness of the importance of the endothelial monolayer in maintaining corneal 
clarity and transparency, greater care is now taken to insure its integrity (11, 12). 
A damaged endothelium appears not to heal by cell division, but only by spreading 
of available cells, which are limited in amount. Endothelial damage allows the 
aqueous humor to penetrate into the corneal stroma, resulting in increased corneal 
thickness and graft opacification. The endothelium is extremely sensitive to the most 
minimal mechanical trauma, dessication, or chemical trauma such as oxygen depri- 
vation or pH changes. It was common practice in the earlier days of transplantation 
to drive the needle into the donor cornea after wrapping the graft in gauze, to use 
clamps to hold it, or even place it on a towel endothelial-side down to get traction. 
All this was done using coarse suture and large, blunt needles, and could irremedia- 
bly damage the delicate endothelial monolayer. This is in contrast to the use of fine 
instruments and particular attention now paid to minimizing endothelial trauma 
(13). It is for this same reason that donor corneal buttons are now commonly taken 
i rr a AES a A et ET aa a e 
Figure 3 Trephine is used to start the incision in the host cornea after the host eye has been 
immobilized by the prosthesis shown. The incision is deepened with a fine scalpel (2), and the 
cornea is lifted out while being fully excised with right-hand scissors along one side and 
left-hand scissors along the other (3). The eye is now ready for transplant (4). In aphakic eyes, 
vitreous humor must be cleared away, and this is done with the vitreous sucker-cutter (5). 
Suturing is begun with a fine curved needle (6). Normally (7), eight long single stitches are 
placed and then, after the cornea is sewn in with finer materials in zigzag fashion (color), the 
single stitches are removed. In the more difficult cases, 16 long single stitches provide a 
stronger seal (8). Reprinted with permission from Hosp. Pract. 8:69-75 (1973). 
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from corneal-scleral discs that have been carefully dissected from the whole eye. 
These corneal-scleral donors are placed endothelial-side up on Teflon blocks and cut 
with ultrasharp trephines. Careful study has shown that this technique causes less 
endothelial damage and gives more perpendicular edges than cutting from a whole 
eye, with either a complete trephine cut or partial trephine cut followed by scissors, 
from the epithelial side (14). In addition, the more perpendicular edges produced 
allow better wound apposition. 

This greater respect for the corneal endothelium has revolutionized the grafting 
into eyes in which the lens (usually cataractous) has been remioved. In the 1950s 
these aphakic eyes were considered almost hopeless for transplantation. However, 
the realization that damaged endothelium caused graft failure and the idea that the 
vitreous gel came forward in many of these eyes, damaging the endothelium led to 
removal of vitreous humor in aphakic eyes receiving transplants. Vitreous humor 
removal was to prevent subsequent: vitreous contact with the endothelium and 
damage. Vitrectomies were initially performed by using syringes to withdraw “‘liq- 
uid vitreous” from the posterior portion of the eye (15). However, the vitreous also 
has a fibrillar, more solid gel that often protrudes into the anterior portion of the 
eye, producing endothelial contact. More recently, vitrectomies were performed on 
this gel, using cellulose sponges to which the gel-like vitreous humor adheres and 
then removing it by excision with scissors (16, 17). This exerts traction on the retina 
(18), is often tedious, and particles of the sponges flaking off into the eye can cause 
marked inflammation. New instrumentation has made vitrectomy easier. A suction- 
cutting device with a rotating blade to cut the vitreous fibriles can facilitate vitreous 
humor removal (19). It is used through the pupil after the cornea is removed, in 
either aphakic patients or patients undergoing simultaneous oe and cataract 
extractions. 

Two other instruments have been developed that improve the monitoring of the 
postoperative course of the graft. The first is an electronic applanation tonometer 
that allows accurate measurement of intraocular pressure in those patients with both 
irregular, scarred corneas (20) and those with keratoplasties (21). Increased in- 
traocular pressure causes constriction of the vasculature around the optic-nerve 
head, leading to optic atrophy. This increased pressure postoperatively can also blow 
out the corneal wound. It is now realized that aphakic eyes and eyes undergoing 
combined cataract extraction and transplant are subject to elevated pressure. Prior 
to the advent of this instrument to measure the pressure in eyes with grafts, one had 
to measure it by touch or older tonometers, both of which are so inaccurate as to 
be grossly misleading. Now detection of increased pressure can prevent ocular 
damage with appropriate medical therapy to lower it. Pharmacologic control of this 
increased pressure can be achieved with drugs such as acetazolamide, which de- 
creases aqueous humor production; parasympathomimetics such as pilocarpine, 
which increase outflow of aqueous humor; and hyperosmotic agents such as glyce- 
rol. In patients who do not respond to medical therapy or respond .inadequately,. 
external cryotherapy to the ciliary body (which produces aqueous humor) is a 
nonsurgical approach that lowers pressure without damaging the transplant (22). 
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This latter method of pressure-lowering is also used preoperatively to improve the 
prognosis for graft clarity in patients previously considered to be inoperable because 
of the inevitable failure in grafts in glaucomatous eyes. 

The second instrument used postoperatively in the postoperative assessment of 
the transplant is the corneal pachometer (23). This is an optical device that attaches 
to the slit-lamp microscope that allows accurate measurement of corneal thickness 
to 0.02-mm precision.. The transplant that is viable will be clear and thin postopera- 
tively, or will exhibit a pattern of gradual thinning from a somewhat thickened state. 
Low-grade inflammation affecting the endothelium or other endothelial damage that 
allows subtle thickening of the transplant by aqueous-humor absorption may often 
be missed without such an instrument. Thickening of a thin transplant is often the 
earliest sign of endothelial decompensation or graft rejection. 

Since there does not appear to be significant endothelial regeneration in humans, 
only sliding of cells to cover a deficit or cell damage, one can see why the protection 
of the endothelium in corneal transplantation is of paramount importance. It has 
been known for many years that the corneal epithelium rapidly regenerates, as with 
corneal abrasions. Because of this, little attention was-paid to its handling during 
corneal transplantation. Epithelium was often removed from the donor with the idea 
of decreasing antigenicity or preventing the transmission of infection. Generally, the 
. host epithelium covers the surface of a cornea within several days when the donor 
epithelium has been removed. It will also grow over fine suture. However, when the 
host has poor regenerative processes, the graft without epithelium can be compro- 
mised. This is especially true for patients with eyes scarred from a chemical injury. 
Damage to the cornea and conjunctiva, as well as to the lacrimal system, leaves the 
host with poor ability to epithelialize a graft. Chronically de-epithelialized corneas 
dehydrate due to evaporation, and further ulcerate. The abnormal epithelium pro- 
duces collagenases that cause further ulceration of the graft (24). This problem with 
epithelialization is not only true of chemical-burn patients,.but of patients with dry 
eyes (keratitis sicca) and poor lid function or scarring. Scarred, roughened lids 
promote abnormal drying patterns of the cornea due to improper surfacing of the 
tear film with blinking. In the past, patching or temporary suturing with the eyelids 
closed was the only treatment (if a transplant was even considered in these patients). 
However, the advent of the soft contact lens has revolutionized this aspect of corneal 
transplantation (25). The bandage-soft contact lens is placed in the eye- postoper- 
atively, and by its hydrophilic properties aids in moisturizing the dry eye and acts 
as a barrier to abrasion. The lens also relieves the discomfort of numerous sutures 
and smooths the corneal surface that may be abnormally dry due to tight wound 
closure. 

Chemical-burn and dry-eye patients are difficult problems in corneal transplanta- 
tion because the burned recipient epithelium will not heal properly and the donor 
epithelium must survive. Close medical attention and diligent care of soft contact 
lenses are needed to protect it. Yet it is only the recent realization of the importance 
of protecting the corneal epithelium and the promoting of its rapid healing with soft 
bandage lenses that has removed these types of patients from being hopelessly blind. 
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Besides the technical advances that have improved the prognosis in corneal 
transplantation, and the greater understanding of corneal immunology, the use of 
corticosteroids to attenuate and treat episodes of graft rejection has also been a 
significant factor in preventing graft failure. The cornea is a relatively immunologi- 
cally privileged site because it lacks vascular and lymphatic supply (26). The normal 
avascular state of the cornea and the absence of lymphatics may protect the trans- 
plant from sensitizing the host as well as isolating the transplant from components 
of the immune system. 

The new technology has decreased the trauma of surgery (Figure 4). The finer 
sutures have decreased the inflammation and postoperative vascularization, a pre- 
lude to graft rejection, of the transplant. The suppression of vascularization and 
inflammation is the ultimate goal in prevention and treatment of the graft rejection. 
To date, corticosteroids have proven to be the most effective drugs to do this (27). 
Topical corticosteroids are generally used to suppress inflammation and early vascu- 
larization, but systemic corticosteroids may be of value in conjunction with topical 
administration in patients with severly vascularized corneas to reduce initial sensiti- 
zation as well as suppress inflammation. Immunosuppressive agents have been tried 
in corneal grafting, but their risks and toxicity appear to outweigh their benefits. 

Evidence has accumulated that cell-mediated immunity is the predominant factor 
in the graft-rejection response. Humoral immunity and circulating antibodies may 
also be involved, and although potentially harmful, may also block sensitization and 
reactivity by the cellular immune system in the lymphatic-free cornea. It has been 
shown that all three corneal layers (epithelium, stroma, and endothelium) may react 
separately in the immune response (26). 

Two specific areas of research are being investigated with regard to decreasing the 
incidence of graft rejection. Tissue typing and the matching of histocompatibility 
antigens are being pursued because of the great promise they have shown in renal 
transplantation (28). Because of the difficulties with matching tissue and because of 
the good prognosis of most corneal transplants, this technique may only prove useful 
for those severely vascularized corneas with poor prognosis. The ability to do this 
typing is made possible because of the availability of cryopreserved corneas for 
transplantation, which is discussed later. 

The other research area being explored to prevent graft rejection is the use of 
blocking antibodies. It is postulated that graft antigen in the lymphatic-free cornea 
goes first to the spleen, making blocking antibodies that protect the normal graft and 
give it its immunologically privileged position. Exogenous blocking antibodies 
clearly delay and prevent rejection in animals, perhaps by binding to antigenic sites 
on the donor and preventing sensitization of the host (29, 30). Although this has 
not yet been tested in man, all it requires is dipping the donor button in purified 
HLA antibodies and virtually no risk is involved. 

‘While advances in technology and corneal biology, and the use of corticosteroids 
have improved the prognosis of corneal transplantation, advances in the preserva- 
tion. of donor material have changed the “emergency surgery” aspect of kerato- 
plasty. In the early years of transplantation, at the beginning of the twentieth 
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century, fresh corneas from enucleated eyes were used. In 1934 Filatov was the first 
to describe the use of cadaver eyes (31). The cadaver tye stored short-term in 
refrigerated moist chambers has been the standard donor means of preservation. 
There is little hard data on acceptable time limits, from death to enucleation, for 
use of corneas. Generally accepted usage time for corneas is probably within 12-15 
hr from cadavers that have been refrigerated immediately. The length of time the 
donor eyes are viable for penetrating keratoplasty when immediately enucleated and 
stored at 4°C (refrigeration) in a moist chamber is generally accepted as 24-48 hr 
(32). 

Long-term storage of corneal tissue was made popular in the mid-1960s with the 
successful development of a reliable method for cryopreservation of corneas by 
Kaufman and associates (33). Careful control of factors to permit corneal endo- 
thelial survival made this technique successful (34). This ability to freeze tissue for 
transplantation would also allow time for the matching of histocompatibility anti- 
gens to be a viable technique for those especially poor-prognosis grafts. Tissue- 
culture techniques are also being studied, but contamination is common and the 
techniques complex. Cryopreserved tissue has proved viable for transplantation 
even one year after preservation (35). 

Another, simpler method for corneal preservation that ‘has been developed is 
intermediate between the use of fresh tissue (short-term storage) and cryopreserved 
tissue (long-term storage). An intermediate storage medium was developed by 
McCarey & Kaufman in 1974 (36). This preservation medium is made with 199 
tissue-culture medium, 5% dextran, and antibiotics for prevention of infection. 
Corneas have successfully been grafted when stored up to six days in this medium 
(37). Even in short-term use, tissue stored in this nutritive solution, as opposed to 
being left on the whole eye, seems superior. After death the endothelium is bathed 
by aqueous humor whose nutrition is rapidly depleted and products of dying tissue 
are discharged into it. A nutritive solution obviates this. ` 

Yet another innovation in the realm of donor material is in the evaluation of the 
donor eye. Besides the usual considerations of age of the donor, cause of death, and 
examination with slit-lamp microscopy for evidence of gross endothelial degenera- 
tion, the donor eye can now be examined by specular microscopy to see in situ the 
endothelial morphology and density of the corneal endothelial cells (38) (Figure 5). 
Whereas gross aging changes can be seen with the slit lamp, this instrument allows 
more subtle changes to be observed and screening donor eyes with it may yield a 
better quality of donor material. This same instrument, adapted for clinical use, also 
allows the observation of the corneal endothelium in vivo (39, 40). This may allow 
early detection of endothelial problems and possibly predict the ability of the cornea 
to withstand trauma or the inflammation of a rejection episode. 


+ 


CONCLUSION 


Advances in technology, methodology, corneal biology and immunology, and donor 
storage have radically improved the prognosis for corneal transplants as well as 
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changed the impact of surgery on the patient. In the past, patients would be “on 
call,” waiting for a donor cornea often for weeks. Now they can be scheduled at 
optimal times for transplantation. The surgery can easily be performed under local 
anesthesia, and the elderly and patients with cardiovascular or respiratory problems 
can be considered for corneal transplantation. Age and debility will not deprive 
octagenerians and nonagenarians of a sight-restoring operation, since morbidity is 
insignificant and no limitation of activity is necessary. These new developments 
permit operation on children with congenital corneal opacities as early as several 
months in order to try to prevent the permanent visual disability due to visual 
deprivation. 

The surgical procedure allows the patient to be up the same day for bathroom 
privileges. The eye can be unpatched the day after surgery. Within reasonable limits, 
the patient can return to normal activity and work, usually within a week. The time 
that sutures must remain varies, depending on the wound healing. This is usually 
quite early in children (about four weeks), while in the adult with an avascular 
cornea it may be six months to one year postoperatively. However, new suturing 
techniques use exquisitely fine suture (16-um diameter) that may remain indefinitely 
and may allow excellent vision as early as 3 months, without fear of wound dehis- 
cence due to an incompletely healed graft. Soft contact lenses have also helped in 
the visual rehabilitation through full-time or intermittent wear. 

One can see from the table tabulating prognosis (Table 1) that the state of the art 
has come a long way in the 70 years since the first successful penetrating corneal 
transplant, and the “audacious fantasy” is truly reality. 





Figure 5 Specular micrograph of postoperative penetrating keratoplasty patient. 
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Table 1 Estimate of prognosis in penetrating keratoplasty 








Excellent (90+%) 


lattice, macular, 


Types of disease and prognosis 





Good (70-80%) (Phakic or Aphakic) 


Fair (50-70%) 





marked corneal edema: (primary 





lye burn 


and granular or secondary severe dystrophy) severe vascularization and/ 

dystrophies inactive herpetic scar or keratitis sicca, 
keratoconus vascular scar Stevens-Johnson 
moderate vitreous touch active infection (surgery 

corneal controlled glaucoma or other to salvage) 

edema: complication poorly controlled 

Fuchs’, etc glaucoma or major 


complications 
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INTRODUCTION | 


Experimental immunopathologic studies in laboratory animals have defined the 
principal pathogenetic mechanisms causing glomerulonephritis: nephrotoxic 
(glomerular basement membrane) antibody and immune-complex diseases (1). Al- 
though these mechanisms have been confirmed in man (2), numerous clinicopa- 
thologic groups of human glomerulonephritis are incompletely defined and 
understood. Conspicuous among the latter is immunoglobulin A (IgA)-associated 
glomerulonephritis. 

First described by Berger in 1969 (3), the salient immunohistochemical features 
constitute its most enigmatic facets: (a) diffuse and generalized involvement of every 
glomerulus with IgA deposits, usually with other immunoglobulins; (b) primary 
mesangial localization; and (c) indolent and persistent clinical disease, usually with 
hematuria, unassociated with other obvious systemic signs. 

The apparent incidence of this glomerulonephropathy varies in different series 
from 5-20% of patients biopsied—the variation is probably related to different 
patient populations and indications for renal biopsy. Males are more frequently 
affected than females, and most patients are adolescents and young adults below 30 
years of age. Although there is no unanimity regarding familial incidence of this 
disorder, there is unexpectedly frequent reference to clinical renal disease among 
family members in several reports (4-6). 


IgA-ASSOCIATED GLOMERULONEPHRITIS 
Clinical Syndrome: Clinical Features, Epidemiology, and Natural History 


IgA-associated glomerulonephritis is diagnosed most frequently by renal biopsy 
undertaken to define the cause of macroscopic hematuria, with often recurrent 
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and/or persistent microhematuria not explicable by other techniques. Although 
several reports suggest that this disorder is the most frequent cause of idiopathic 
hematuria, other reports find more varied immunopathologic bases for this syn- 
drome (7, 8). It is important to stress that the diagnosis is established only by 
immunohistochemical staining of renal tissue positive for IgA. 

At the time of diagnostic studies, most patients have normal renal function, trivial 
to modest proteinuria, and no signs of systemic disease, although 10-15% may have 
elevated serum creatinine concentrations and progress to renal failure. Nephrotic 
syndrome, arterial hypertension, and recurrent urinary-tract infections have been 
described in patients with this nephropathy, but are not usual. Several patients with 
IgA-associated nephropathy and renal failure have received renal allografts, and in 
numerous grafts recurrent IgA deposition has been observed (9). 

Etiology and epidemiology of this clinical entity are obscure. Although an occa- 
sional patient has been documented to have intercurrent or recent streptococcal 
infection with first signs of disease, most give no discrete history of antecedent 
respiratory or skin infection. Nevertheless, gross hematuria, the single most frequent 
sign and symptom, often occurs within 24-72 hr of common respiratory infections, 
fever, unusual exercise, or trauma; an inciting event cannot be suggested in many 
cases. Although IgA-associated glomerulonephritis was reported first from France, 
subsequent studies have detected it worldwide. 


Histopathology 


The histopathology of renal biopsies in this disorder is varied. Although some 
biopsies are relatively normal or show only mild glomerular stalk thickening by light 
microscopy, most reports characterize the glomerular changes as a focal and seg- 
mental proliferative glomerulonephritis, primarily involving mesangial cells and 
matrix (10). In 20-30% of such cases, adhesions to Bowman’s capsule, segmental 
glomerulosclerosis, and/or small fibrocellular crescents may be seen; focal necrosis 
of glomerular tufts is uncommon but has been reported. Diffuse and generalized 
mesangial proliferative glomerulonephritis has predominated in some series; tubu- 
lointerstitial changes that are noted are usually found in this group (3) and in 
patients with end-stage glomerulonephritis with extensive glomerular sclerosis. Pat- 
terns more typical of membranoproliferative and lupus nephritis are rare (11). 


Electron Microscopy 


Ultrastructural analyses by electron microscopy almost uniformly show mesangial 
deposits, commonly just below the glomerular basement membrane reflecting over 
the mesangial region, as well as mild mesangial hyperceilularity and hypertrophy 
of mesangial matrix. In general, the number and size of mesangial electron-dense 
deposits correlate with the extent and intensity of mesangial staining of immuno- 
globulins seen by immunofluorescence. Although deposits along peripheral capillary 
loops are unusual, both subepithelial and subendothelial glomerular deposits have 
been reported; the dense deposits seen rarely in Bowman’s capsule are of uncertain 
significance (12). 
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Immuinofluorescent Findings 


By definition, immunohistochemical stains show the characteristic mesangial stain- 
ing of host IgA, usually accompanied by IgG and sometimes by other immuno- 
globulins; distribution of IgA is generalized and diffuse, and surprisingly intense 
even in biopsies that show no substantial abnormality by light microscopy. Stains 
for serum-complement components usually indicate deposition of C'3 and proper- 
din, rarely C'iq or C'4. Fibrinogen/fibrin is found often in a focal and segmental 
mesangial location, with much more variability between glomeruli than other pro- 
teins. Mounting evidence indicates that secretory IgA is not present in affected 
glomeruli. : 


FEATURES OF SPECIAL INTEREST 


Interest in IgA-associated glomerulonephritis is directed toward three intriguing 
facets of its immunopathogenesis that have not. been explained completely: (a) the 
role of IgA, (b) involvement primarily of renal mesangium, and (c) relationship of 
this syndrome to Henoch-Schénlein purpura (H.S.P.) and other systemic diseases 
with glomerular IgA deposition. 


Role of IgA 


IgA, a major component of the serum Ig pool, exists in two subclasses: IgA, is the 
major component of total serum IgA, whereas IgA, is in much greater concentration 
in external secretions (tears, nasal secretions, saliva, succus entericus, etc). IgA 
functions as the principal antibody class in these secretions, particularly against viral 
antigens, whereas the immune function :of serum IgA is not as well specified. 
Although discrete antibody activities have been measured in the IgA class, including 
autoantibodies such.as antinuclear and anti-gamma globulin factors, predominantly 
IgA. systemic serologic response is not characteristic of usual immunogens (13). This 
dispa. ity hàs prompted the suggestion that an antigen may diffuse from the gut and 
excite a pre rential IgA response with resulting deposition of immune complexes 
in the kidney. In fact, several patients. with IgA-associated glomerulonephritis have 
a history of-chtonic or recurrent sinus infections, and onset of hematuria in many 
patients seems triggered by common respiratory infections. ‘Thus far, no evidence 
has been adduced in support of the alimentary antigen(s) or route of immunization, 
and the weight of present data does not favor significant participation of secrētory 
IgA in this disorder. 


Renal Mesangium 


Important immunologic and ultrastructural studies have addressed the functional 
role of renal mesangium and factors contributory to the localization and deposition 
of circulating immune complexes; they have been reviewed recently (14, 15). Mesan- 
gial function in transport and disposition of a variety of macromolecules, including 
colloids and protein aggregates, has been shown to be a dynamic process, with 


40 MCPHAUL 


apparent preferential collection along subendothelial aspects of glomerular base- 
ment membrane, uptake into the mesangium, and movement in channels between 
mesangial cells towards the hilum and vascular pole of the glomerulus. The loss of 
electron-dense, fluoréscent, or radioactive markers in these experiments is inter- 
preted to result from degradation of the test materials and transport into hilar 
lymphatics. 

Immune complexes formed in vitro and administered passively, as well as com- 
plexes formed in vivo in response to soluble protein and viral antigens, may localize 
preferentially to the mesangium. Such mesangial deposition is characteristic of 
larger complexes with very high molecular weight antigens or complexes formed in 
relative antibody excess. Corticosteroids can influence this localization by altering 
antibody synthesis and affecting antigen:antibody ratios, by affecting metabolism of 
complexes, or by direct effects on GBM and/or the mesangium (16). , 

Although the renal mesangium functions in the handling and ultimate fate of a 
variety of macromolecules that may not be immunologically active, it clearly is an 
important site—even a primary site—of immune-complex localization. 


Relationship to Systemic Diseases with IgA Deposits 


Primary mesangial deposition of serum immunoglobulins, including IgA, has been 
noted in systemic diseases, particularly in H.S.P., systemic lupus erythematosus, 
viral hepatitis, and hepatic cirrhosis. In many cases the glomerular immunoglobulin 
is, predominantly IgA, such as in H.S.P. and hepatic cirrhosis; the putative an- 
tigen(s) involved that elicits presumied IgA antibodies is not evident. 

Significant elevations of serum IgA concentrations-have been noted in hepatic 
cirrhosis and H.S.P., particularly.early in the disease (17). The frequent clinical 
involvement of gastrointestinal tract in H.S.P., increased serum IgA concentration, 
and renal deposition of IgA has focused attention on the GI tract as source of 
antigen and/or antibodies in this presumed immunological disease. While serum 
IgA concentrations have been reported to be high in IgA-associated glomerulone- 
phritis without systemic disease, not all series are in agreement. 

Further data linking IgA nephropathies with or without systemic disease have 
been offered in reports that. IgA and other immunoreactive proteins can be seen in 
walls of cutaneous capillaries of uninvolved skin of patients with IgA-associated 
glomerulonephritis and patients with H.S.P. (18, 19). Confirmation of these observa- 
tions would add to the likelihood that IgA deposits in both sites resulted from 
circulating immune complexes, although systematic use of tests for detecting such 
complexes in IgA-associated glomerulonephritis have not been rewarding: thus far. 
Moreover, the similarities of IgA-associated nephropathy to the nephritis of.H.S.P. 
are so striking that it is not clear whether there is only a quantitative difference 
between the two disorders, or more fundamental differences. 


IMMUNOPATHOGENETIC HYPOTHESIS 


The ‘primary hypothesis regarding immunopathophysiology operative in IgA- 
associated glomerulonephritis suggests that the nephropathy: results from renal 
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deposition of circulating immune complexes containing IgA. The preferential renal 
mesangial site of deposition is thought to result from the size of the circulating 
~ immune complexes; the indolent clinical pace of the nephritic lesion and its fre- 
quently unimpressive morphologic response probably result from a slower rate of 
immune-complex deposition and the faster turnover and disposal of complexes 
localized to the mesangium. In the absence of systematic data, it has not been 
demonstrated conclusively whether IgA is present as antigen or antibody; one study 
has indicated that the renal IgA does not have antiglobulin activity and that sera 
from these patients do not have anti-IgA antibodies (20). Cryoglobulins have been 
found infrequently in IgA-associated glomerulonephritis and have not always con- 
tained IgA. Although it is not likely in the usual: case, anti-mesangial antibody 
participation has not been ruled out (20). . 

Aggregates of IgA are known to initiate complement activation through the 
“alternate” pathway (21). Numerous studies of renal biopsies from patients with 
IgA-associated glomerulonephritis attest to the high frequency of C'3 (Beta 1C) and 
properdin deposition in these glomeruli, although C,q and C4 have rarely been 
seen; serum concentrations of classical and alternate pathway components as a rule 
are normal in these patients. The data are compatible with activation of the comple- 
ment seen in these lesions through the alternate pathway. The majority of tests 
performed for cold activation of complement (22) and C’3 “nephritic factor” have 
been negative (23). 


SUMMARY 


In summary, IgA-associated glomerulonephritis is an interesting clinical problem. 
The immunohistochemical identification of renal IgA deposits is the sine qua non 
of its diagnosis, although most of the patients reported have had hematuric syn- 
dromes, particularly recurrent gross hematuria. The importance of this immunopa- 
thologic entity devolves from the crucial use of special stains to identify IgA, the 
enigmatic role of IgA, the usual mesangiopathic expression: of histologic response, 
and the ill-defined relationship of this clinical problem to nephropathies associated 
with systemic diseases that also have glomerular IgA deposits. 

Although still unproven, it is likely that the usual; instance of IgA-associated 
glomerulénephritis is due to deposition of circulating immune complexes containing 
IgA. The nature of the exciting antigen(s), quantitative measures and characteristics 
of such complexes, and the role of mediating systems, including coagulation, have 
not yet been elucidated. 
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CONF IDENTIALITY IN l #7221 
MEDICAL PRACTICE 


Maurice Grossman, M.D. 


Department of Psychiatry, Stanford University School of Medicine, 
Stanford, California 94305 


For his patients’ sake and increasingly for his own as well, the physician would be 
well advised to learn the narrow but tortuous path between the edict “reveal not 
_ your patients’ data” and growing demands that he do just that. 


BACKGROUND i 


The Greeks started it! Many medical concepts of the fourth century’sc and after 
were attributed to Hippocrates. Some were products of his followers, with credit 
given to the Hippocratic school. The Hippocratic oath was essentially a code of 
ethics credited to the Pythagoreans. They promulgated a strict code of social and 
moral ethics in reaction to the less concerned standards of their society and of other 
medical groups (1). The more disciplined attitude, inferring that less rigid practices 
were current, suggests that during the fourth century sc physicians were not above 
gossiping and revealing their knowledge about patients to recipients whose concerns 
were not for the patient. The Hippocratic oath also adjured the physicians against 
giving poisonous drugs to those requesting such drugs. While Edelstein deduces that 
the intent was to forestall suicide (1), the language also suggests that the recipients 

` of the poison might iritend to administer it to someone else. The concept of “poison 
pen” material is not too farfetched in application to confidentiality. 

In the closing quarter of the twentieth century ap, concern about physicians 
gossiping and releasing medical information to others is still with us. Currently, 
medical care involves many adjunctive professionals in supplying health services. 
They need access to this medical information. Social attitudes have changed— 
mostly superficially. Two major factors have not changed. Firstly, personal informa- 
tion is still necessary for determining: health care in treatment and prevention of 
illness and trauma, and for research to improve the whole process. Secondly, some 
of the personal data can be poisonous to'the patient, depending on who uses it and 
how it is used. : i 
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Everything would be simple, were we guided merely by the tenet “Do not reveal 
anything to anyone.” Unfortunately, confidentiality cannot be absolute. The patient 
might require and therefore request revelation of some facts in order to get benefits 
based on the information. Others—family, schools, and even employers—could use 
some information to help the patient to overcome his disability. Here too, the patient 
should consent to the disclosures. There is divided opinion about whether it should 
be done without the patient’s consent when he is not looking after his own health 
interests. There are situations where society’s overriding needs and rights demand 
violating the patient’s rights to privacy and, therefore, confidentiality (2). One must 
ask who determines these overriding rights of society, and what the basis is for that 
determination. These complications set the stage between the right to privacy and 
the need to know, with no clear delineation. As the tortuous path is followed, note 
that “the need to know” becomes “the right to know.” 

The Hippocratic concept is commingled with the popular attitude of society, 
accepted by many physicians, that medical information confided by the patient or 
discovered about the patient will never be divulged. This sacrosanct concept is 
supported by laws requiring such observance under threat of criminal and civil 
consequences for violation. As usual, this legal demand allows exceptions when the 
law wants such information (3). In 1828 New York was first to enact protection 
against legal demands for this sensitive data. New York was soon followed by most 
other states. The legal onslaught continued, with breaches in this protective barrier 
through nibbling exceptions created either by legislative act or judicial decision. As 
late as 1960, the major admitted threat to protecting patients from disclosure was 
the power of courts, legislatures, and other branches of government (4). The process 
of legal erosion has reduced this protection—physician-patient privilege—to virtual 
impotence (5). 


BASIC DEFINITIONS AND CONCEPTS 


Certain definitive differences must be considered in threading one’s way through the 
problems. “Privacy” alludes to personal investments that must not be intruded upon 
by others. The individual may relinquish this right in many ways. In confiding some 
private aspects to another, the individual may explicitly or implicitly exact an 
obligation that the recipient keep this confidential. Thus “confidentiality” implies 
this obligation. As in medicine, it may imply that the disclosure was made to the 
second party to fill an urgent need. The second party has no proprietary right to 
the private material. If certain legal requirements are met, this confidential exchange 
can be protected legislatively from legal demands (6). This information is then 
privileged and leads to “physician-patient privilege,” “psychotherapist-patient priv- 
ilege,” “attorney-client privilege,” etc. 

The above sequence from privacy to confidentiality to privilege does not alter the 
basic premise that the information is about an individual who alone maintains the 
proprietary right to that information. Having that right also leads to the corollary 
that that individual alone has the right to disclose this private information, while 
others do not. He may authorize other holders of the information to reveal it to third 
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parties for whatever reason that impels the owner of the private material to issue 
the authorization. 

A trap for the unsuspecting one is the surrender of privacy implicit in his making 
his data public. Usually the data subject authorizes release of information to secure 
certain benefits. This may be done willingly, e.g. to seek exemption from military 
service, or unwillingly, e.g. to obtain insurance benefits that will be withheld if 
permission for getting medical information is refused. The wording of authoriza- 
tions may be so broad that the patient has waived all rights to forbid dissemination 
of the material. When the patient authorizes a release of information to a govern- 
ment agency, he may be unwittingly releasing it to files that are legally public 
records, available to anyone. In court, if the patient or his attorney makes reference 
to medical-record details, he may have waived privacy voluntarily, and thereby his 
right to privilege and its protection (7). 


INSURANCE INDUSTRY INTRUSIONS | 


Legal demands for medical information, usually by subpoena (sometimes by search 
warrant), are relatively ‘infrequent. However, since 1960 the growing increase in 
insurance coverage for medical-care costs has been accompanied by increasingly 
frequent requests for medical information to justify claims for payment (8). An 
insurance policy is a contract with specific limits and restrictions. The insurance 
carriers need information to determine that the claim is for services within the limits 
of the contract. Each claim form has a paragraph authorizing release of medical 
information, to be signed by the claimant. With few exceptions, the authorization 
is relatively unlimited in the breadth of disclosure the carrier can seek. It does not 
‘limit the dissemination of the disclosed information. It sets no criteria for the 
ultimate fate of the revealed information. Refusal to give this unlimited: demanded 
information has resulted in refusal to pay claims that are otherwise justified.! The 
insurance carrier takes the position that it alone can determine how much and which 
information is necessary to justify claims payment. Medical information irrelevant 
to the cause for.the claim has been used to justify the invalidation of the obligation, 
suggesting one reason for wanting an unlimited authorization (9). Some insurance 
companies do this with medical information obtained illegally (10). 

Since most medical-care insurance is under group industrial policies, medical 
information released by patients to an insurance company has reached employers 
and, through employment channels, fellow employees. The risk to employment, 
promotion, character attacks, and emotional shock related merely to. the public 


'When Stanford University Hospital refused to permit a Blue Cross employee to be stationed 
at Stanford and given access to patients’ records to determine appropriateness of length of stay, 
Blue Cross started delaying reimbursement. This forced acceptance of Blue Cross’s demand 
in June, 1976. When Blue Cross of Georgia withheld payments when the College Street 
Hospital of Macon, Georgia refused their demand for complete access, the latter sued Blue 
Cross. Z. Sweeney Sikes, M.D., who pursued this, reports an agreed stipulation and verdict 
in February, 1975, awarding the hospital the approximately $70,000 in question. 
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exposure is greatest where psychiatric illness is involved, but not limited to that 
‘specialty of medical practice (11). The unlimited authorization permits such prac- 
tice. In employer-administered group policies, the employee or his dependent pa- 
tient may be obligated to authorize broad disclosure to the employer with no 
restriction of usage. i 

With the Federal Fair Credit Reporting Act requiring disclosure of files and 
sources of information, insurance companies have started informing applicants for 
policies that they use outside investigators—armed with a photostat of the authori- 
zation signed by the applicant—to get full medical records from all prior treatment 
sources, including unconfirmed information from neighbors, friends, family, em- 
ployment sources, and wherever the claimant has contact. This information is 
, stored without verification. The competition between these outside investigators 
` leads to advertising the high percentage of adverse information they collect about 
investigated subjects. Since much of the information is unverified, it suggests what 
sort of bias may enter the collection. At least one company advertises that it stores 
this microfilmed data for future use without specifying to whom and on what 
grounds it will release the data (12). It might include records from hospitals and 
physicians, obtained supposedly with consent originally given to an insurance com- 
pany. 

However, some insurance companies will accept a simple general statement for 
a health-insurance claim; a verbal report to their medical director, avoiding records 
of sensitive data; or, in one plan, the mere statement “confidential illness” being 
checked obviates any other detail. When a large sum is involved, some companies 
will accept a peer-review decision, also avoiding written records. In July, 1976, the 
American Psychiatric Association and the Health Insurance Association of Amer- 
ica began testing a code-reporting system formulated by Richard G. Johnson to 
avoid reporting identifiable material (13). The foregoing indicates that the problem 
is perpetuated by some companies and is not industry-wide. It also shows that 
insurance reporting can get along with less data than is prevalently “needed.” 


LEGAL PROFESSION’S DEMAND FOR DISCLOSURE 


The demands of the law for disclosure of this confidential data has been mentioned 
in the preceding discussion of privilege on page 45: The original physician-patient 
privilege, more noted for its holes than for its protective fabric, never was acceptable 
to the legal profession. The severe destructiveness caused by public revelation in 
court of details gathered in psychiatric treatment stemmed from social attitudes 
about psychiatric illness as a category, the intimacy of the private details revealed 
during treatment, and the fact that such patients were already under intolerable 
emotional stress that led them into treatment initially (11). The tendency to view 
psychiatry as detached from medicine obscures the fact that these same problems 
of illness exist in every physician’s practice, regardless of specialty. Every physi- 
cian’s patients may be subject to the same emotional disclosures and subsequent 
trauma. The only need for physician-patient privilege is for data that would affect 
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the patient emotionally if revealed to others and would in effect create a psychiatric 
syndrome. Courts have recognized that the protection of psychotherapeutic com- 
munications is based on constitutional rights, as well as meeting the criteria for 
privilege (14). Unfortunately, such legislation is still limited to California, Connecti- 
cut, Florida, Georgia, Illinois, Kentucky, and Massachusetts. Worse, they limit the 
protection to patients of psychiatrists and psychologists. Rule 504 of the proposed 
Federal Code of Evidence (5) would have made the protection available to all 
physicians’ patients. The legal profession’s growing boundaries of the right of dis- 
covery, ostensibly to bring in all the facts available to reach a just verdict, even 
denies this protection in the exception when the patient uses his emotional condition 
for a claim or a defense. It makes no leeway for circumstances where the needed 
facts can be obtained other than through the treatment source, even.if these other 
sources may also be physicians. Parenthetically, the legal profession’s virtuous 
search for the truth, breaching constitutional rights of the patient, does not extend 
to their own files and the truths confided to them by their clients. The legal profes- 
_ sion’s use of subpoenas and how physicians are intimidated by them to reveal 
information unnecessarily has been discussed elsewhere (15). 

This exception to privilege compounds the insurance problems of patients and 
physicians. Patients who exercise their rights to withhold unnecessary data and 
thereby lose their benefits, have recourse only to court action. In filing a claim, they 
` lose the protection of privilege in that action because of the exception. Therefore, 
they lay themselves and their medical records open to the public—a “Catch-22” 
situation. Similarly, when physicians are slandered for protecting their patients’ 
interests, they cannot go to court because it, too, would mean discussing their 
patients openly to explain that protection. l 


ALL MEDICAL COMMUNICATIONS ARE NOT 
CONFIDENTIAL 


When it was pointed out in the second paragraph above that physicians other than 
the treating one could give the facts necessary, it demonstrated that all professional 
communications between an individual and a physician are not confidential. This 
term applies only to those communications that are given in confidence as a neces- 
sary part for treatment. Whenever a patient knowingly goes to a physician for-a 
report to be made to some other party, there is no “confidence.” In some cases, as 
in court-ordered examinations, the participation may not be voluntary. Examples 
are medical reports ordered by current or prospective employers, applicants seeking 
licensure that requires a medical examination for meeting standards, and medical 
recommendations required for admission to certain schools. Such examinations may 
be as minimal as a vision test for a driver’s license or as extensive as the inclusion 
of a psychiatric examination where indicated. It has been recommended that the 
report be minimally sufficient to meet the objectives of the examinations (16). Such 
patients should be warned that any material divulged might become part of the 
report. Especially when a report might lead to an adverse finding, it is prudent to 
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include details supporting that judgment. There is no agreement by the examiner 
for confidentiality. If anything, there is prior understanding that there is no confi- 
dentiality. Any agreement of confidentiality can be only between examinees and 
those requesting the examination. The availability of such examinations by others 
emphasizes that treating physicians should try to avoid supplying sensitive medical 
data for such purposes even when patient requests it. Therapists who do comply may 
jeopardize the protective climate for “privilege.” They may alienate their patients 
if the medical report leads to an adverse finding. If they do so without patient’s 
consent, except under legal duress, they may have placed themselves in jeopardy. 


FAMILY MEMBERS’ WISH TO KNOW 


The most frequent requests for confidential information come from families of 
patients. Their interest in, concern for, and wish to help the patient are natural and 
to be expected. In most situations, sharing this information with the family is helpful 
and acceptable to the patient. There might be some information that the patient does 
not want to divulge even to the most dedicated member of the family. Physicians 
have learned that in some families the dedication to each other leaves much to be 
desired. Professed and superficial dedication may be belied by family behavior. 
Sensitive information divulged to a parent, child, or-spouse has been used destruc- 
tively against the patients. This requires a clear understanding that a patient truly 
consents to release information to a family member or specifies what information 
is to be withheld. Where there is family emotional involvement in a situation 
requiring treatment of one or more members, whether by a psychiatrist or other 
physician, it might be well to agree upon a policy about confidentiality at the onset 
—absolute, conditional, or none. The judgment should always be based on the 
general principle “Is breaking confidentiality, even with the family, for the patient’s 
interest or destructive to the patient’s interest?” (17). 


COMPLICATIONS FROM CIVIL RIGHTS OF MINORS 


The family relationship in confidential medical-data disclosure has always been 
complicated when the medical information is about minor children. The right of 
parents to this information has been eroded by developments of relatively recent 
origin. The erosion is partly due to growing awareness that children also have civil 
rights independent of parents. This is crucial when children avoid seeking needed 
medical help because they fear parental discovery and its consequence (18). Children 
have been known to commit suicide when faced with the dilemma. Recent legislative 
trends have permitted physicians to treat minors without parental consent. This has 
been legalized in forty states (18) and supported by law-enforcement action in 
specific instances. Removing the need for parental consent implies the child’s right 
to privacy in the matter and the independent right to confidentiality. The need has 
been legislatively directed at treatment for venereal disease, pregnancy, contracep- 
tive devices, alcohol, and other drug abuses. Those treating children seek wider 
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application of the civil rights of minors. The physician will see the children for other 
problems, where violating the child’s confidence would disrupt needed treatment or 
create emotional upheaval in some child or the family. 

There is one rule to follow if it becomes important to accept the conditions of 
confidentiality and the child is so promised. The physician must be sure, and 
probably should so note, that the child is mature enough to understand the problem 
faced and to cooperate with treatment, and understands the full meaning and 
consequences of withholding information from parents. In counseling about the 
problem, a child might be helped to see that parental knowledge would advance the 
child’s interests and not result in the feared adverse consequences. In borderline 
cases, with the child’s consent, professional consultation might be helpful. Children 
usually go to a physician already familiar to them or trusted by them. A physician 
treating a family with children approaching puberty could seek agreement with 
parents and child that the physician have the consent of the parents to enter such 
a confidential relationship with the child in the future, if the child so decides at that 
later time. If the child is present when the agreement is reached, and knows this is 
available, it can prove to be good preventive medicine. 

This extension of confidentiality illustrates another problem. In the first place, 
such treatment might require public health notification. It may be difficult to explain 
to the patient, adult or minor, that it is a legal requirement. Guaranteeing that a 
third party maintain confidentiality has proven to be risky. In the case of a minor, 
investigation of a communicable disease, and reports of pregnancy and abortion 
might lead to communication at the home address that will disclose the problem to 
parents. In making arrangements, this should be borne in mind. The question of 
preventing extension of the communicable disease to family members is also a 
problem. 


DILEMMAS CREATED BY TARASOFF CASE OBLIGATION 


Prosenjit Poddar, a student at UC Berkeley, was in psychotherapy on an outpatient 
basis at Cowell Memorial Hospital of the University of California in 1969. When 
Poddar began making threats to kill a fellow student, Tatiana Tarasoff, and Poddar’s 
therapist, Dr. Lawrence Moore, believed that the threats constituted a possible 
danger, the latter asked the campus police to take his patient into custody incident 
to pursuing the legal machinery for involuntary hospitalization. This request was 
made on August 20, 1969. At the time Tatiana was in Brazil for a summer-long visit. 
The police did take him into custody, but released him when they found no sign of 
abnormality or of dangerousness. 

Poddar caused no problems, even though he terminated treatment after his thera- 
pist took this step. He even became a roommate of Tatiana’s brother. Shortly after 
Tatiana returned, Poddar did kill her, on October 27, 1969. Tatiana’s parents filed 
suit against all individuals involved, and the Regents of the University of California 
as their employer, for a wrongful death. The plaintiffs gave four legal grounds in 
support of their claim. The second was based on the defendant’s failure to warn the 
parents of the danger to Tatiana. 
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The lower courts dismissed the action without a trial because of legal immunity 
of the defendants plus the overriding need to maintain confidentiality in psychother- 
apy. The dismissal was appealed to the California Supreme Court, who reversed the 
lower court’s decision and ordered the case to trial in a decision filed December 23, 
1974. The Court stated that psychotherapists have a duty to warn potential victims 
when they determine that their patient is dangerous. Professional societies joined 
the defendants in a petition for a rehearing that was granted; the hearing was held 
May 5, 1975. The basis for the amicus curiae intervention of the professionals was 
that violating confidentiality under those circumstances would be a major impedi- 
ment to effective treatment for all patients; and that in approximately 99 times out 
of a hundred the judgement of dangerousness would be invalid as proven by repeated 
studies. The Court filed its revised decision July 1, 1976, which did not alter the first 
decision in its essential feature obligating the warning. 

Unfortunately, legal redress for untoward consequences of maintaining confiden- 
tiality are usually judged after the fact. This is in contrast to making a predictive 
judgment about breaching confidentiality, with its possibilities or probabilities, as 
the dilemma first presents itself. The ramifications of a California Supreme Court 
decision of potential hazard to a third party goes far beyond psychiatric treatment 
problems as indicated by the amicus curiae briefs in the petitions for, and subsequent 
rehearing in the Tarasoff case (19). The final decision destroyed an important 
element in protecting*confidentiality. It changed the medical ethics (2) and legisla- 
tive intent (20) from “no privilege” or “may disclose” to “must disclose,” when the 
physician foresees a potential hazard to a third party. “The duty to warn” in that 
decision (19) ignores the difference between foreseeing a potential hazard and fore- 
seeing an actual culminated destructive act.? In the field of psychotherapy the 
decision also fails to differentiate between the predictability of a psychogenic source 
of hazard that depends on a future unforeseeable external circumstance for trigger- 
ing actual damage and a biologic source of hazard that is present in an infected 
patient and only requires physical transmission to create the actual damage. The 
decision also overlooks the realities of prevention in the two. Relevant to the duty 
to warn the potential victim encompassed by the decision, it can be demonstrated 
that the warning offers no protection and the court itself documents that it may 
increase the hazard. In cases of venereal infection in an adult or a minor, avoidance 
of contact is all that is necessary until current treatment rapidly renders the disease 
noncommunicable. In the view of the court, withholding of information from the 
parents can in some cases, after the fact, be alleged to have created emotional distress 
that a jury might later consider actionable damage. In terms analogous to the 
Tarasoff decision, should the physician refuse the child’s request for confidentiality 
and disclose the information to parents, the possible damage of the child’s suicide 
must be considered. An after-the-fact evaluation might again‘leave the physician in 
an actionable position. 


2It is good medical practice to break confidentiality if a hazard to society demands it. The 
decision overlooks the fact that the greatest protection is the indicated treatment. Where this 
is failing, the California legislature determined, after extensive investigation, that due process 
for the therapist is as spelled out in the Lanterman-Petris-Short Act (21). 
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COMPUTERS COMPOUND THE PROBLEM 


All the threats or fears of mishandled information have been compounded by the 
growing use of computers for depositing, storing, and retrieving information. The 
villain is not computer science, because its developments have contributed greatly 
to all sectors where information is important. This is true for medical science in all 
its branches, including treatment. The problem is too-ready access to the informa- 
tion with inadequate controls and anonymity for those tapping into the computer 
for confidential data. The ease of storing, transferring, and retrieving information 
has proliferated a demand for access to all information, including confidential 
medical information, for various purposes ranging from medical research to private 
industry wishes to governmental programs. Some of these demands have little to do 
with the medical welfare of the patients or society. In some cases the information 
is gathered secretly and used against the interests of the patient (22). They document 
the tie-in of such data from site of origin to local, county, state, regional, and 
natibnal data banks. 

That these concerns are not limited to psychiatric practice, or even just to the 
United States, is attested by the World Medical Association. Their annual two-day 
scientific program in Munich, Germany in October, 1973 was devoted exclusively 
to this problem. Speakers from all over.the world discussed various facets of the 
problem. At least two nations with reputations of liberal orientation openly use 
identifiable medical data in their computer banks for all kinds of governmental 
purposes. The only delegates who thought this proper came from iron-curtain 
countries, and from public health officials of newly evolving countries trying to 
establish improved mass-delivered health services. ` 


CONFIDENTIALITY AND MEDICAL RESEARCH 


A recurrent theme during that conference is constantly at the surface of controversy 
in the United States. A large segment of researchers indicate that any restriction of 
access to data-subject identifiable medical information will interfere with needed 
research. They support, and some even demand, that all data generated at treatment 
sites be gathered in regional and national data banks (22d). This is the position taken 
by a research organization headed allegedly by John Baldwin in Oxford, England, 
operating the Oxford University Record Linkage System (according to several 
medical sources interviewed in London in October, 1975). The Task Force at the 
1976 Key Biscayne Conference on Confidentiality of Health Records independently 
recommended controlled procedures (23), followed by the Medical Research Coun- 
cil, based at the University College Hospital Medical School, London, England 
(visited October, 1975). A variation used at St. Patrick’s Hospital in Dublin, Ireland 
by R. J. Draper demonstrated the feasibility of using independent code numbers 
kept at the treatment site, with follow-up via treatment site, where identifying data 
is kept separately. The researcher is thus blocked from having or needing the 
identifying data. Those who devise. such protective features in their protocol have 
uniformly expressed doubt that random collection of infinite details will be either 
manageable or rewarding, even with computer sorting or correlating. Yet the argu- 
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ment goes on internationally between those who hope that the computer will be the 
wished-for breakthrough if they feed it enough details and those who base their 
research on a planned protocol that may indicate some need for data-subject identifi- 
able data. 


PATIENTS’ ACCESS TO THEIR RECORDS 


A new area of complexity is the growing belief that patients—and parents of minors 
—have a right to all medical records to insure accuracy of historical data, as a check 
on treatment adequacy and to permit better cooperation in treatment (24, 25). This 
is already federal law, since the Privacy Act of 1974, P.L. 93-579, does not differen- 
tiate between medical data and other data collections of federal agencies. The 
Federal Education Act of 1974 contained an amendment by Senator Buckley, 
popularly labelled the “Buckley Amendment,” that forced all educational institu- 
tions that receive federal grants to make all records available as noted above. The 
problems created by the inclusion of medical reports led to a second amendment 
to the law, restricting disclosure of medical records on demand of advanced school 
students to a physician of data-subject’s choice. Schools through high school are still 
vulnerable. Some school officials have begun to add a warning about this to their 
requests for medical information from treating physicians of the school child in- 
volved. A number of additional bills in Congress and in the California legislature 
include such a disclosure section. A few include the provision of limiting the 
disclosure to a physician of the subject’s choice. ` 

The disclosure legislation is based on the general proposition that patients will 
fare better if well informed about the whole medical process involving them. Those 
who advocate this usually suggest that opposition is for the purpose of hiding poor 
medical practice (24, 25). They overlook the fact that there is some medical data 
that is intolerable for some patients and can cause emotional damage. It is not 
uncommon to find patients blocking and practicing denial about facts that they 
themselves have disclosed at another time. Sometimes the true state and diagnosis 
is intolerable and forced disclosure to the patient proves destructive (11). Disclosure 
can be “forced” when the family insists the patient get a copy of the record. It is 
“forced” when the patient wants to “prove” that the condition is other than sug- 
gested by partial knowledge that must be revealed for other reasons. Such experi- 
ences create doubts about the ultimate wisdom of a blanket disclosure of records 
to all patients. Such records often contain confidential information about parties 
other than the patient. They, too, need protection of their confidential disclosures. 
The suggestion of having a physician of the patient’s choice monitor the information 
is but a compromise, to shift the burden of protecting the patients from themselves 
—a not infrequent need in medical care. 


WORLDWIDE ACTIVITY SEEKING SOLUTIONS 


There are-enough complexities to demonstrate that there can be no simple resolution 
of “the right of privacy” vs “the right to know.” This is reflected in increasing 


CONFIDENTIALITY IN MEDICINE 53 


numbers of conferences on the subject. The World Medical Association Congress 
of October, 1973 has been mentioned. Most often they lead to generalized resolu- 
tions that do not alter the situation, but do lead to exchange of information about 
conflicting needs. Congressional hearings (22a, b) have been extensive and led to the 
Privacy Act of 1974. This is limited to Federal records because broader complexities 
were too great. It did include a provision for a Privacy Protection Study Commission 
to explore for further legislative relief. This commission has been holding formal 
hearings all over the country to obtain facts from all segments of society, not 
overlooking the problem of protecting medical records per se. The National Bureau 
of Standards authorized a project to study the role of computers and needs for 
protecting medical records. This study, directed by Alan F. Westin, is in the process 
of being reported after two years of detailed study and consultation. Earlier studies 
were commissioned by. the Secretary of Health, Education, and Welfare (HEW), 
(22b) and the National Academy of Science (22c). They had a profound effect on 
the, content of the Privacy Act of 1974. Confirming the fact that the concern is 
worldwide is the reference to similar studies in other countries in the bibliography 
of Ware’s HEW report and in Westin’s study. 


ROLE OF MEDICAL ORGANIZATIONS 


Organized medicine has also become concerned. The California Medical Associa- 
tion took the lead in calling attention to the problem in 1970 and trying to mobilize 
the American Medical Association (AMA) to take definitive action for protecting 
the rights of patients. As a result the AMA House of Delegates supported and 
recommended action for the protection of confidentiality in a great number of 
resolutions from 1972 through 1976. However, the positive achievement has been 
repeated formulation of a model state Jaw. Another such model, considered by some 
to have basic flaws due to the complexity of its global approach, was approved at 
the 1976 annual meeting. However, when the AMA Council on Medical Services 
reviewed a standard insurance claim form in March, 1973, they did not respond 
favorably to recommendations that the AMA withdraw approval of the unlimited 
authorization for release of medical information. Persuaded by the insurance indus- 
try representatives to accept a reworded form of equal legal comprehensiveness, the 
current form, approved by the House of Delegates in 1973, contains this authoriza- 
tion with the imprinted approval of the AMA.3 

When the House of Representatives was considering a new Federal Code of 
Evidence, containing Rule 504, extending privilege to the psychotherapeutic medi- 
cal data and communications between all physicians and their patients, the former 
Executive Vice President of the AMA, Ernest R. Howard, wrote Congressman 
Rodino January 31, 1973, opposing Rule 504 and wanting a physician-patient 


3At a Federal Trade Commission quasi-judicial hearing in San Francisco on February 4, 
1976, attorneys for Retail Corporation (Equifax) used this to prove that the AMA approved 
of the practices of the insurance industry and the Retail Credit Corporation in their wide 
collecting of medical records and information. 
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privilege that is legally meaningless, as discussed above. He wrote a similar letter 
to Congressman Hungate on August 1, 1973. On August 26, 1974, after the CMA 
and AMA House of Delegates protest, Dr. Howard retracted opposition to Rule 
504, but by then the damage was done. We now have no federal privilege protection 
for medical matter. We are reduced to state codes of meaningless physician-patient 
privilege in 32 states; psychotherapist-patient privilege restricted to psychiatrists 
and psychologists in seven states; and none for other physicians in their psychother- 
apeutic dealings with their patients. 

The American Psychiatric Association (APA) became alerted to the problem in 
1970. Its Task Force foresaw the greater hazards in National Health Insurance, 
since all proposed legislation gave no attention to the medica]-record protection that 
would be needed. The APA proposed this need in 1972 (26). The recognition that 
it is more than a physician’s problem led to the recommendation that the public and 
other professionals work together to seek solutions for problems resulting from the 
conflicting interests. This resulted in the Key Biscayne Conference alluded to above 
(22d, 23), attended by representatives from over fifty national organizations—medi- 
cal, legal, educational, religious, consumer groups, computer experts, the press, the 
insurance industry, and the government, including the military (27). The conference 
strongly supported the foundation of a private multi-discipline organization to keep 
abreast of the developing problems and efforts to deal with them. The results of the 
Key Biscayne Conference led to the recognition that there should be an ongoing 
dialogue, kept current, between conflicting viewpoints if constructive compromises 
are to be achieved. This National Commission on the Confidentiality of Health 
Records was incorporated early in 1976 with 17 national organizations as charter 
members. Although the AMA participated in all the planning meetings for the Key 
Biscayne Conference and participated in that conference, again it did not follow up 
on the resolutions of activity for confidentiality, electing not to join in the National 
Commission.* 

The current ferment suggests that there will be much change in the future for 
medical records and their confidentiality. Consumer concern is reflected in the 
multiple studies that have legislative goals. It will affect record keeping in hospitals, 
-- Clinics, and physicians’ offices. Teaching and research, as well as treatment, will be 
affected. It will certainly affect the welfare of patients and, thereby, medical practice. 
The role of physicians in this ferment and its consequences is unclear beyond their 
majority affirmation, “I am in favor of confidentiality.” Solutions will not be as 
simple as those for the problems faced by the Hippocratic group. 


4Correspondence with James A. Sammons, AMA Executive Vice President, failed to elicit 
the reasons, but other sources indicated that the AMA wished to maintain an “independent 
stand.” There does not seem to be any recognition of the growing dissatisfaction of patients 
with the current situation. 
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THYROID HORMONE METABOLISM IN MAN 


The thyroid gland of healthy adults secretes approximately 78 ug (100 nmole) 
thyroxine (T4) per day. Of this, about 80 nmole undergo deiodination in extrathyroi- 
dal sites. The deiodinative metabolism of T4 probably occurs in a stepwise manner. 
Removal of one iodine from the outer (phenolic) ring of T4 (S'deiodination) yields 
3,5,3'-triiodothyronine (T3); removal of an inner-(tyrosyl) ring iodine (5-deiodina- 
tion) yields 3,3', 5'-T; [reverse-T (rT3)]. Non-deiodinative pathways include excre- 
tion of T, and its conjugates (glucuronide, sulfate) in the feces and oxidative 
deamination to the acetic-acid derivative [tetraiodothyroacetic acid (tetrac)]. To- 
gether, these routes account for nearly all of the remaining 20 nmole of T, turned 
over each day. 

The peripheral conversion of T, to T; has been demonstrated in humans (1-3). 
Estimates of the extent of such conversion, i.e. the conversion ratio (CR), obtained 
by different methods, indicate that in euthyroid individuals about 35% of T, turn- 
over (35 nmole) proceeds via the generation of T; (2-4). 

Recent studies have indicated that rT; is also a major product of T, metabolism 
in humans, accounting for about 45 of the 80 nmole of T, undergoing deiodination 
each day (5, 6). Thus the formation of T; and rT, together account for all of the 
T, deiodinated (Figure 1). Subsequent deiodination of T} and rT, produce various 
diiodo- and monoiodothyronines (7, 8). 
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THYROID HORMONE METABOLISM 
in NORMAL ADULTS 
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Figure 1 Schematic representation of major pathways of thyroxine metabolism in normal 
human adults. Rates are expressed in nmole (24 hr)" and ought to be considered as approxima- 
tions, based upon available data. T,, thyroxine; T3, 3,4,3'-triiodothyronine; RT;, 3,3'S'-triiodo- 
thyronine (reverse-T;); tetrac, acetic-acid derivative of T4. 


T; is several times more potent than T; itself; thus conversion to T, represents 
a process of hormonal activation. None of the other deiodinated derivates of T, 
exhibit calorigenic activity in the intact organism (9). Reverse-T, has been shown 
to. antagonize the effects of T, in animals, but only in high doses (10). The active 
form of the thyroid hormone has been discussed in a previous volume of this series 


(11). 
Sources of T; in Man 


The production rate of T; is approximately 26 ug (40 nmole) per day (4, 6, 12). Since 
about 35 nmole of T; are derived by peripheral 5'-deiodination of T4 in euthyroid 
individuals, this leaves only 5 nmole for direct secretion of T, from the thyroid. 
These estimates, based upon average calculated values for T; turnover rates and CR 
reported from several laboratories, are subject to revision. Nevertheless, there is 
_general agreement that the vast bulk of circulating T, is generated from T, by 
peripheral conversion and only a small proportion is derived from the gland directly. 
In contrast to euthyroid individuals, in untreated hyperthyroid patients the thyroid 
gland secretes a larger proportion of the total T; produced. As a corollary, a decrease 
in circulating T; levels in the face of a constant serum T, concentration in a 
euthyroid individual is likely to represent a decline in the rate of peripheral conver- 
sion of T, to T; rather than a change in the rate of thyroidal secretion of T}, 
assuming that the T; clearance rate is not selectively increased. 
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Biochemical Mechanism of T; to T; Conversion 


5'-deiodination of T, has been demonstrated in tissue slices (13, 14), cell cultures 
(15, 16), and cell-free homogenates (17-20) of a number of tissues. Although the 
evidence at hand indicates an enzymatic mechanism, the enzyme has not been 
isolated, and its tissue distribution and intracellular localization are still uncertain. 
Even less is known about the formation of rT; from T, (5-deiodination), which is 
presumably mediated by a different enzyme than the 5'-deiodinase. Reverse-T, has 
been shown to inhibit competitively the formation of T; from T, in liver homogen- 
ates (20) and kidney slices (21). Although it is uncertain whether in vivo concentra- 
tions of rT; ever reach levels sufficiently high to effect this inhibition, these 
observations raise the intriguing possibility that the product of an inactivating 
pathway of T, metabolism may modulate the rate of the activating pathway. This 
could represent one of many possible mechanisms of regulatory control over the 
reaction by which T; is formed within tissues. 


T, to T} CONVERSION IN DIVERSE CLINICAL CONDITIONS 
Normal Human Neonates 


The serum concentration of T; is lower (22), and that of rT; higher (23) in umbilical 
cord blood than in the blood of adults. The same pattern has been found in amniotic 
fluid of normal human pregnancy (24). Studies of T; and rT; kinetics in fetal and 
adult ‘sheep indicate that'impairment of T4 to T; conversion is primarily responsible 
for the low T; in the fetus and newborn and that T; to rT conversion is relatively 
active in the fetus (25). Both in humans (22) and in sheep (25), serum T; levels _ 
increase within hours after birth, but rT; concentrations fall to the normal adult 
level only after several days (23, 25). In the human at least, a portion of the early 
postnatal recovery in T, levels seems due to direct thyroidal secretion probably 
responding to the TSH -surge (26). Clearly the pattern of T, metabolism in the fetus 
and newborn is different from that in the human adult. 


Effect of Age 


The serum concentration of T;, but not of T,, declines with advancing age (27). 
Using the turnover method, Wenzel & Horn have reported a 20% lower CR in 
healthy men, aged 73 to 82, compared to a group of 21- to 29-year-olds, a finding 
that seemed to account for most of the age-dependent decrease in the serum T; level 
(28). 


Thyroid Disease 


Based upon the sparse data available to date, it appears that CR is normal or only 
slightly elevated in untreated hyperthyroidism (29). The.absolute T; production rate 
is increased, as much as seven times normal (12), so the major portion of the excess 
T; produced in this condition can be accounted for by direct secretion from the 
thyroid. : 
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In untreated hypothyroid patients, CR was found to be nearly twice normal in 
one study (30). Others have reported an increased CR in hypothyroidism, but to a 
smaller degree (29). Even when CR is increased, however, the absolute amount of 
T; derived from T, is small, since the absolute turnover of T, is below normal in 
hypothyroid individuals (12). 


Caloric Restriction 


Fasting leads to a prompt (within 24 hours) fall in serum T; concentration in obese 
patients (31, 32), as well as in subjects of normal body weight (33). Total serum 
T, remains relatively unchanged, but free T, concentration increases slightly (31). 
The same phenomenon has been observed in protein-calorie malnutrition (34, 35), 
and anorexia nervosa (36, 37). Re-feeding restores serum T; to normal (34, 35). The 
decline in serum T; is sensitive to the carbohydrate in the diet (32, 38). That the 
changes in serum T; levels are due to alterations in T, to T} CR is supported by 
the finding of similar diet-related changes in subjects receiving L-T, in suppressive 
doses (39). Increases and decreases in serum rT; ‘concentration with fasting and 
re-feeding, respectively, have been found to coincide with reciprocal changes in 
serum T; (38, 39), suggesting that caloric deprivation, especially of carbohydrate, 
causes a diversion in T, metabolism away from the calorigenically active product, 
T3, toward the much less active derivative, rT3. 


Hepatic Disease 


Patients with hepatic cirrhosis often have diminished, sometimes profoundly low 
serum levels of total and free T, (40, 41) and normal or slightly elevated total and 
free T; (41, 42). The findings most likely reflect impaired T, to T} conversion. 
Nomura et al have in fact estimated CR by the turnover method and found an 
average of 15.6% + 6.6 [standard deviation (S.D.)] in four patients with advanced 
cirrhosis, compared with 35.7% (+ 3.3) in 7 normal subjects (43). Improvement in 
hepatic function is associated with a tendency for serum T; levels to return toward 
normal (43). Thus the liver seems to play a dominant role in the peripheral metabo- 
lism of T,, particularly in the generation of T}. 


Other Systemic Disorders 


The combination of a decreased serum T, concentration and normal or slightly 
elevated serum T, has been reported in a wide variety of systemic illnesses besides 
hepatic disease. These conditions include disseminated malignancy (40, 44), renal 
failure (40, 45), febrile states (46), and postsurgical states (47). Bermudez et al (44) 
reported that 70% of a group of clinically euthyroid patients with serious systemic 
illness exhibited an abnormally low total serum T3. In about one half of these, the 
low T; level was attributable to decreased plasma binding, free-T, concentration 
being normal. In the remainder (32% of the entire group), the free as well as total 
T; level was decreased. Tissue concentrations of T; have been measured at autopsy 
and found to be decreased in patients who died after prolonged illness, compared 
to victims of sudden accidents (48). It is now recognized that a significant proportion 
of patients with systemic illness have low circulating levels of total and free T; and 


T, TO T; CONVERSION 61 


normal or high free-T, levels, and that in most if not all cases, this reflects impaired 
peripheral conversion of T, to T3. 


Reverse-T3 in Systemic Illness 


Serum rT; levels are elevated in some but not all patients in whom serum T, 
concentrations are decreased (46, 49-51). Cases of cirrhosis tend to show the lowest 
serum T; values. However, it is not certain whether the elevated rT; concentrations 
reflect-increased production from T, or decreased rT; clearance. Flock has shown 
in the dog that hepatectomy severely impairs the production of T;, but not of 
rT; from T; (7). This finding and the observations in patients with liver disease 
would suggest that normal conversion of T, to T; requires intact liver function and 
that the production: of rT; occurs in extrahepatic tissues. ` 


Effects of Drugs 


Propylthiouracil (PTU), but not methimazole, inhibits the peripheral deiodination 
of T, in rats (52) and in humans (53), and diminishes the biologic effectiveness of 
exogenous T, (54). Recent studies specifically directed at T,-to-T; conversion have 
shown that PTU inhibits 5'-deiodination in man (55, 56), Although the block is not 
complete, this peripheral effect of PTU offers an added therapeutic advantage in the 
treatment of severe thyrotoxicosis over and above its effect on the thyroid gland (57). 

Acute administration of the glucocorticoid dexamethasone in total daily doses of 
8 mg causes a prompt fall in serum T, (58,59) and an elevation in serum rT, (59) 
in normal individuals, patients with hyperthyroidism, and hypothyroid patients 
receiving T,-replacement therapy. Although the magnitude and duration of the 
changes in circulating T; and rT; differ somewhat among the various groups, the 
pattern suggested an effect of dexamethasone on the monodeiodination of T,, away 
from T; and toward rT; production. 


METABOLIC STATUS OF PATIENTS. WITH IMPAIRED 
T, TO T, CONVERSION l 


Because T3 accounts for a.major portion of the total metabolic effect of thyroid 
hormone, there is a question as to whether individuals with low serum T; due to 
impaired conversion from T, are euthyroid or hypothyroid. One of the reasons for 
confusion is the paucity of sensitive and specific tests to quantitate thyroid-hormone 
action at the cellular level. 

The most sensitive indicator of thyroid-hormone action is provided by the serum 
TSH concentration. In the absence of hypothalamic and pituitary disease, the 
synthesis and secretion of TSH by the pituitary are exquisitely sensitive to altera- 
tions in available thyroid hormone. Primary hypothyroidism is associated with an 
elevated basal serum TSH concentration and an augmented TSH response to admin- 
istration of thyrotropin-releasing hormone TRH (60). 

In the majority of individuals with low serum T; associated with nonthyroidal 
systemic illness (40, 50), fasting (31, 33, 61), or protein-calorie malnutrition (34, 35), 
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serum TSH is within the normal range. In two studies of patients with cirrhosis, the 
mean serum TSH levels were slightly higher than the normal mean values (but still 
within the normal range) (41, 43). In one of these groups the TSH response to TRH 
was, however, no different than in controls (41). In another report, a group of 
patients with diverse systemic illness showed normal basal TSH values and TSH 
responses to TRH, although the latter were slightly exaggerated (44). The evidence 
available to date indicates that the pituitary thyrotrophs seem to sense a sufficiency 
of thyroid hormone. For this reason, the majority opinion is that these individuals 
are euthyroid. 

It is possible that these patients with a subnormal serum (total and free) T3 
concentration are maintained in an euthyroid state by circulating T,. In some but 
not all of those cases in whom the measurements were done, serum free-T, concen- 
trations were variably elevated (31, 34, 41-44). There are good reasons to believe 
than T, possesses significant intrinsic hormonal activity without the need for conver- 
sion to T; (11). It is conceivable that increases in circulating free T, levels, perhaps 
even more marked than present in vitro measurements would indicate, tend to 
compensate for the subnormal free-T3 concentrations, at least in some cases. 

Apparent euthyroidism, both clinically and by measurement of TSH, in the face 
of a low serum T; also makes it necessary to reexamine the widely held concept 
that each individual has a constant requirement for thyroid hormone. During the 
stress of systemic illness or during restricted caloric intake, a decline in circulating 
T; levels may be an appropriate response that has protective value to the organism. 
Oxygen consumption and respiratory quotient decline during caloric restriction in 
obese subjects, and can be restored by administration of T, (62). A hypometabolic 
state offers obvious advantages during starvation and may confer some protection 
against the excessive catabolism associated with systemic illness. Viewed in this 
light, the inhibition of T, to T; conversion may be an appropriate response under 
certain conditions. 

However, it still cannot be excluded that individuals with nonthyroidal systemic 
illness and low serum-T; levels are in fact hypothyroid, despite the lack of a clearly 
elevated serum-TSH level. First, hypothalamic-pituitary dysfunction is a possibility 
and has-been implicated in anorexia nervosa (36). Second, the sensitivity of the 
pituitary thyrotroph may be increased, so that a subnormal level of. serum T; is 
sufficient to prevent the expected rise in serum TSH. The observed normal TSH 
responses to administered TRH in most of these patients would be consistent with 
such an alteration in sensitivity. Against this possibility is the fact that the serum 
free-T, concentration is normal or somewhat elevated in patients with nonthyroidal 
systemic illness (41-44) or during starvation (32, 34). In patients with secondary or 
tertiary (hypothalamic) hypothyroidism, serum T4 typically is low. 

For practical purposes, most would agree that in a patient with a systemic illness 
an abnormally low serum-T; concentration (total or free) does not per se signify 
hypothyroidism, at least the type requiring replacement therapy. It would seem 
appropriate to demand such evidence of diminished thyroid-gland function as a 
decreased serum free-T, concentration or an elevated serum TSH concentration 
before considering replacement with thyroid hormone. 
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INTRODUCTION 


This paper presents new concepts in psychiatric diagnosis and does not limit itself 
to methods. These new concepts may be summarized as the use of a technique 
employing a categorical (typological) approach to psychiatric diagnosis, relating 
these concepts to the diagnosis of nonpsychiatric (medical) illness, describing the 
steps necessary and their consequences when these concepts are used, validation of 
psychiatric diagnosis, application of a few suggested means of other psychiatric 
classifications, and a discussion of heterogeneity and homogeneity in psychiatric 
classification and diagnosis. 


CATEGORICAL (TYPOLOGICAL) DIAGNOSIS 


Typological diagnosis in its present sense probably originated with Sydenham 300 
years ago. The extension in this concept successfully spread to psychiatry in the 
nineteenth century, a little more than a century ago (Esquirol, Griesinger), but there 
is only a 75-year history of clear success in psychiatry (Kraepelin), in. which the 
diagnoses are used as they are currently. 


Steps in Psychiatric Diagnosis and Validation (1, 2) 


Psychiatric diagnosis relies on a careful and comprehensive description of the clini- 
cal picture of the disorder. This may be a combination of clinical features thought 
to be associated with one another, or of a single striking clinical manifestation that 
has other clinical manifestations regularly associated with it. Demographic variables 
(race, age, and sex), age of onset of the illness (or symptoms), precipitating factors, 
and other parameters may also be used to define the clinical picture more precisely. 
The clinical picture thus does not include only symptoms. 

Laboratory studies play only a small role in psychiatric diagnosis; the fully 
validated ones are limited chiefly to mental retardation and to organic brain syn- 
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dromes. There is currently active work in a number of laboratries attempting to 
describe valid and reproducible laboratory results concerning the functional psychi- 
atric disorders (3-23). So far there has not been an unchallenged validated finding 
concerning catecholamines, dopamine, acetylcholine, or serotonin levels, or metabo- 
lism in a functional psychiatric illness, e.g. schizophrenia or affective disorder. 

A third consequence, frequently considered relatively unimportant, is the 
differentiation from other disorders of the disorder whose validation is being at- 
tempted. Since similar clinical pictures may be seen in patients suffering from 
different disorders (for example, cough and bloody sputum in lobar pneumonia, 
bronchiectasis, and bronchogenic carcinoma; or hallucinations in schizophrenia, 
manic-depressive illness, and organic brain syndrome), it is necessary to specify 
exclusion criteria so that patients with similar illnesses are not included in the group 
to be validated. These exclusion criteria should also permit exclusion of borderline 
patients and doubtful patients—i.e. an undiagnosed group—so that the index group 
for validation is as homogeneous as possible. The importance of having delimiting 
(exclusion) criteria should not be underemphasized. Without these delimiting crite- 
ria it is possible to have a mixed group—vitiating the validating effort, especially 
when the next two consequences are considered. 

The fourth consequence, requiring the same care in interviews, is the follow-up 
study. The purpose of this part of the validation is to determine whether or not the 
original index patients are suffering from some other defined disorder that could 
account for the original clinical picture. If they are suffering from another such 
illness, the original patients probably did not constitute a homogeneous group, and 
it may be necessary to modify the diagnostic criteria. In the absence of a known 
cause or pathogenesis, as is true in the common psychiatric disorders, marked 
differences in outcome—between complete recovery and chronic illness, for example 
—-suggest that the group is not homogeneous. The latter point is not so compelling, 
however, in suggesting diagnostic heterogeneity as is the finding of a change in 
diagnosis. The same illness may have a variable prognosis, but until we know more 
about the fundamental nature of the common psychiatric illnesses, marked differ- 
ences in outcome should be regarded as a challenge to the validity of the original 
diagnosis. Thus the importance of step 3 is apparent, the exclusion of patients with 
illnesses in some ways similar to, but different from those in the index group. 

The fifth consequence is a family study, requiring as careful interviews as the 
index interview, and requiring more interviews because there are more family mem- 
bers to be interviewed. Most psychiatric illnesses have been shown to run in families, 
whether the investigations were designed to study hereditary or environmental 

Sresi Independent of etiology, therefore, the finding of an increased incidence of 
the same disorder among the close relatives of the original patients strongly indicates 
that one is dealing with a valid entity. These family interviews are family studies 
in which the surviving relatives are interviewed personally. These are not family- 
history studies in which a family history is obtained from, for example, the index 
patient and one other relative about the other family members. They require a 
personal interview with each surviving family member, an examination of the death 
certificate of deceased members, and an interview with the last physicians of index 
patients who have died. 
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APPLICATION OF TYPOLOGICAL CONCEPTS TO DIAGNOSIS 
OF NONPSYCHIATRIC ILLNESS 


The five steps in diagnosis and validation, described in a somewhat different context, 
have been used in the study of nonpsychiatric medical diagnoses (24-28). 


DEFINITION OF PSYCHIATRIC ILLNESSES AND SYMPTOMS 
COMPRISING THEM a 


Definition of Psychiatric Illness 


Definitions of a number of psychiatric illnesses have been detailed (29). These 
definitions consist of a set of criteria for each illness defined. An example of one such 
illness defined categorically (typologically) is primary affective disorder (depressive). 
The definition consists of specified criteria, most of which are symptoms and some 
of which may include demographic and chronological definitions, as follows: For 
a diagnosis of depression, criteria 1 through 3 are required. 


1. Dysphoric mood characterized by emotional symptoms such as the following: 
depressed, sad, blue, despondent, hopeless, “down in the dumps,” irritable, fear- 
ful, worried, or discouraged. 

2. At least five of the following criteria are required for “definite” depression; four 
are required for “probable” depression: (a) poor appetite or weight loss (positive 
if two pounds a week or ten pounds or more a year when not dieting); (b) sleep 
difficulty (include insomnia or hypersomnia); (c) loss of energy, e.g. fatigability, 
tiredness; (d) agitation or retardation; (e) loss of interest in usual activities, or 
decrease in sexual drive; (f) feelings of self-reproach or guilt (either may be 
delusional); (g) complaints of, or actually diminished ability to think or concen- 
trate, such as slow thinking or mixed-up thoughts; and (4) recurrent thoughts 
of death or suicide, including thoughts of wishing to be dead. l 

3. A psychiatric illness lasting at least one month with no preexisting psychiatric 
conditions such as schizophrenia, anxiety neurosis, phobic neurosis, obsessive- 
compulsive neurosis, hysteria, alcoholism, drug dependency, antisocial personal- 
ity, homosexuality and other sexual deviations, mental retardation, or organic 
brain syndrome. (Patients with life-threatening or incapacitating medical illness 
preceding and paralleling the depression do not receive the diagnosis of primary 
depression.) The information is elicited by interviewing and examining the pa- 
tient and at least one relative or friend who knows the patient well. 


Definition of a Symptom 


To make defined changes, or to retain already adequately defined illnesses, requires 
that the symptoms clustering to define an illness also be defined. These symptoms 
are currently most simply defined by eliciting the symptom or behavior from the 
patient (or his relative) and then deciding if the symptom is to be scored as present 
or absent. A symptom that a patient says he has is still scored as absent if it does 
not occur more frequently or severely than in the patient’s peers. As an example, 
a positive answer to the question, “Do you suffer from headaches?”, is scored as 
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absent if the headaches do not differ in frequency or severity from those suffered by 
most of the patient’s peers. A single mild headache occurring quarterly or annually, 
and not a new symptom, is not sufficiently different from that found in most of the 
population to deserve a positive score, even though the patient may have such mild 
headaches. Since this decision about scoring relies on clinical judgment of varying 
subtlety, depending on which symptoms and which characteristics manifest them- 
selves, less subtle scoring techniques are needed. These techniques have been out- 
lined (2, 29, 30). A symptom is defined as being present (or absent) if it meets the 
five following criteria, and the two instructions for recording a symptom have been 
followed. 


1. The symptom led the patient to go to a physician (or osteopath or other profes- 
sional) on more than one occasion. 

2. The symptom was disabling. Disability is defined as the patient’s report that the 
symptom caused him to make changes (even minor ones) in his life because of 
the symptom. These changes include job troubles, trouble sleeping, need for rest, 
need for help when such was not ordinarily needed, restriction of social and 
recreational life, and a belief by the patient that the symptom definitely made a 
difference in his life even though he cannot pinpoint the difference. The symptom, 
because it was disabling, necessitated the patient to make these changes. They 
are not primary problems themselves, but brought about by the disability caused 
by the symptoms. 

3. The symptom led the patient to take medication (excluding aspirin and closely 
related drugs, and laxatives) on more than one occasion and did so more often 
than semiannually. 

4. The physician believes that because of its clinical importance, the symptom 
should be scored as positive, even though it does not fulfill criteria 1, 2, or 3. For 
example, a spell of blindness lasting a few minutes, which the patient may 
minimize—i.e. deny that criteria 1 through 3 apply—would be scored as positive. 
This standard is also meant to include any symptom that the physician believes 
to be of clinical significance to him, without regard to its fulfilling criteria 1, 2, 
and 3. 

5. A symptom is not scored as positive if it is explicable by known nonpsychiatric 
disease of the patient. The instructions for recording responses to questions about 
a symptom are (a) any positive response must be elaborated with regard to its 
qualitative description, its frequency, and its chronology; (b) any item to which 
a patient gives a putatively positive response, but which is scored as negative, 
must be elaborated so that a research group or a group of clinicians can reach 
its own decision concerning the validity of the negative scoring. 


ASSESSMENT OF HOMOGENEITY OR HETEROGENEITY 
OF THE DIAGNOSES MADE 


Homogeneity is determined by clinical picture, follow-up study, and family study. 
The clinical picture in a homogeneous group should closely correspond among 
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patients with a given diagnosis. Follow-up study should indicate there has not been 
a change to another diagnosis (other than becoming well). since the time of initial 
examination [See the fourth step in psychiatric diagnosis and validation (p. 68).] If 
there is not a change in diagnosis, that is the most compelling follow-up finding 
indicating diagnostic homogeneity. If there has been a change in diagnosis, that 
finding strongly indicates diagnostic heterogeneity. 

The family studies of a series of patients with the same initial diagnosis should 
indicate an increased incidence of the illness in the relatives of the index case. This 
finding strongly indicates diagnostic homogeneity of the original group. The failure 
to find an increased family incidence or prevalence in the families of the index group 
equally strongly indicates diagnostic heterogeneity. (See step 5, p. 68.) The labora- 
tory studies in which diagnostic heterogeneity has been inferred (7, 13, 20, 21, 27, 
28) are not presently a sufficiently good reason for assuming that the findings 
support diagnostic heterogeneity or homogeneity, because the laboratory study of 
functional psychiatric illness is still in a primitive state. (See step 2, p. 68.) Decisions 
regarding heterogeneity or homogeneity of an index sample should not be based on 
these still-unvalidated findings, especially when the follow-up results and the family 
study both indicate either homogeneity or heterogeneity of the original sample. 

The importance of validating the homogeneity or heterogeneity of patients com- 
prising the original sample is that a heterogeneous group limits the valid generaliza- 
tions that may be made from the original sample of patients and vitiates these 
generalizations. In contrast, a demonstrated homogeneous original group makes 
generalizations valid and permits accurate and meaningful generalizations. 


CONCLUSION 


The salient points in this paper include the following: (a) a description of categorical 
(typological) diagnosis, applicable to psychiatric as well as to medical illness; (b) 
description and discussion of the five steps necessary to validate clinically a categor- 
ical (typological) diagnosis; (c) a description of the currently primitive state of 
laboratory studies of functional disorders (e.g. schizophrenia, affective disorders, 
and other functional disorders); (d) a definition of various psychiatric illnesses and 
a description of the criteria necessary to qualify a symptom for describing them; and 
(e) the means and purposes of assessing diagnostic homogeneity or heterogeneity 
in psychiatric illnesses. 
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EFFECT OF ANESTHETIC 97224 
DRUGS ON MYOCARDIAL 
PERFORMANCE IN MAN? 
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Although drugs that depress the central nervous system (CNS) sufficiently to pro- 
duce surgical anesthesia also depress cardiac muscle in vitro, direct transposition 
from muscle strips to man is not possible for a variety of reasons (1). Consequently, 
in order to study the effects of anesthetics in man, we must be able to quantitate 
ventricular function in man. i 

Both isolated muscle and the intact heart function in two ways. When the muscle 
fiber is not allowed to shorten, but only develops tension, muscle-contracts isometri- 
cally (Figure 1). The corollary in the intact heart is ventricular pressure develop- 
ment before the aortic (or pulmonary) valve opens. In man this aspect of ventricular 
function has been estimated by the tension developed between the “feet” of a 
strain-gauge arch (SGA) or measurement of pressure and time indices before the 
ventricular outflow valves open (2). During isotonic contraction, the muscle short- 
ens, moving a load (afterload) and performing work (Figure 1). The analogy in the 
intact heart is the ejection of blood from the ventricles. This “pump” function can 
be estimated in man by measuring cardiac output (CO), the time and volume 
ejection indices, the I-J wave of the ballistocardiogram, or aortic pressure pulse 
analysis (3). Both types of function are dependent on several factors other than the 
intrinsic function of the contractile element in the muscle: ` 


1. An increase in the resting (diastolic) muscle length or preload (Figure 1, top) 
leads to increased function of both isolated muscle and the, intact heart. 

2. As afterload increases, the speed that- the isolated muscle can move is decreased. 
Likewise, in the intact heart, the higher the afterload (force against which the 
ventricle must eject blood), the lower the cardiac output, if other influences do 
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Figure J. Schema of muscle function: (a) isometric—resting muscle length (1) unchanged, 
tension developed; (b) isotonic—resting muscle length shortens, load (after) is moved. 
Adapted from (1) with permission. 


not change. However, isometric or “muscle” function in the intact heart may 
respond differently to afterload changes. If afterload increases, more pressure 
must be developed in the ventricle in order to open the outflow valves. Conse- 
quently, the measures of muscle function in the intact heart may increase as 
afterload increases. 

3. Increase in the rate of stimulation will increase performance in isolated muscle. 
Sometimes in the intact heart, heart-rate increases lead to decreased diastolic 
filling (decreased preload) and the positive inotropic effect may be negated. 

4. Of course,. the bathing fluid (coronary blood supply for the intact heart) is 
important for the level of function. Table 1 indicates how these influences can 
be measured in man, in decreasing order of precision for each. Although it is 
practically impossible to control these important factors in man, they should at 
least be measured as accurately as possible. Otherwise, reliable estimates of the 
effect of drugs on cardiac function are not possible. Unfortunately, there are few 
studies of the effect of anesthetics on man where all of these influences have been 
measured, much less controlled. 
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Table 1 Factors influencing cardiac function 











Isolated muscle Man (in order of decreasing precision) 
Preload ventricular end diastolic volume 
ventricular end diastolic pressure 
atrial pressure 
venous pressure 
Afterload aortic (pulmonary-artery) diastolic pressure (isometric) 


systemic (pulmonary) vascular resistance (impedance) 
arterial pressure 
Rate of stimulation heart rate 


Bathing fluid coronary blood 





INHALATION ANESTHETICS 


Several potent inhalation anesthetics produce minimal evidence of cardiac depres- 
sion in man unless gross overdoses are given. Skovsted & Price observed that diethyl 
ether, cyclopropane, and fluroxene produce evidence of central sympathetic excita- 
tion, and classified them as “Group I” anesthetics. Other inhaled anesthetics, in- 
cluding halothane, methoxyflurane, and enflurane failed to produce this effect but 
produce dose-related cardiac depression in man and have been classified as “Group 
II” anesthetics (4). In addition, the Group I drugs are associated with a high 
incidence of some unpleasant side effects such as nausea and delirium. They are all 
flammable, so that their clinical usefulness is limited at the present time. 


Diethyl Ether 


As with most of the anesthetics, only “pump” function has been measured with 
diethyl ether and little documentation of preload has been made. CO. has been little 
affected by high diethy] ether concentrations, mostly as a result of increased heart 
rate (5, 6). In the best published study, ventricular ejection rate was unchanged (5). 
Markedly flattened ventricular function curves produced by high ether concentra- 
tions in the dog could be restored to control by mechanically elevating aortic 
pressure (7). The observation of elevated catecholamine concentrations in the plasma 
(5) and the marked reduction in ventricular function produced by -adrenergic 
blockade during ether anesthesia in man (8) suggests that sympathetic nervous 
stimulation is an important mechanism in the maintenance of cardiac homeostasis 
during ether anesthesia. 


Cyclopropane 


Again, only pump function has been reported with cyclopropane. Preload has been 
poorly documented (right atrial pressure), but was consistently elevated. Heart rate 
was generally unchanged and afterload was also increased. Under these conditions 
there was no significant change in CO or stroke volume (5). Local anesthetic 
blockade of cardiac sympathetic ganglia depressed stroke volume at the same or 
increased right atrial pressures during cyclopropane anesthesia in man (9). Elevated 
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plasma catecholamine concentrations have been found (5). Consequently, it would 
seem that Price’s hypothesis is tenable with cyclopropane as well as with diethyl 
ether. However, conflicting reports in animals have left some doubt as to the mecha- 
nism of the effect of cyclopropane on cardiac function in man (10, 11). 


Fluroxene 


The only halogenated anesthetic in Group I, fluroxene, maintained cardiac output 
unchanged at very high doses in human volunteers (5). Both heart rate and plasma 
norepinephrine concentrations were markedly increased, although no other studies 
have been reported to support these observations. Although fluroxene is considera- 
bly less flammable than diethyl ether or cyclopropane, it has never been widely used 
and commercial production has currently been halted. 


Halothane 


The most popular of the inhalation anesthetics, halothane, has also been the most 
widely studied. Whether observing muscle function with a SGA (12) or right ven- 
tricular dP/dt (13); or measuring pump function with CO (5,13), ejection indices 
(5), or the BCG (5), all studies have shown a dose-related decrease in cardiac 
performance with halothane. More precise animal studies have further documented 
this effect (14,15). Mechanical elevation of decreased aortic pressure during high- 
dose halothane anesthesia in dogs did not increase ventricular function, in contrast 
to the results mentioned above with diethyl ether (7,15). 


Methoxyflurane 


Although less well studied, the effects of this potent, slowly acting, long-lasting 
halogenated ether appear to resemble those of halothane (16). 


Enflurane and Isoflurane 


The published studies on the cardiovascular effects of enflurane in man are all open 
to criticism (17, 18). However, a carefully done experiment with human volunteers 
has indicated that the drug produces cardiac depression equivalent to that seen with 
halothane (N.T. Smith et al, personal communication). Animal work supports this 
conclusion (19). Isoflurane, an investigational isomer of enflurane, appears to pro- 
duce significantly less cardiac depression in man (20) and in the dog (R.G. Merin, 
unpublished observations). The mechanism behind the difference in the two drugs 
remains unclear at present. 


Nitrous oxide 


The majority of anesthetics administered in the Western world today include nitrous 
oxide as an adjuvant, primarily because the gas has been thought to have no 
pharmacologic effects other than amnesia and analgesia. However, as little as 40% 
nitrous oxide alone has been shown to depress ventricular function (CO and BCG 
measurements) in normal volunteers (21). When combined with other more potent 
drugs, myocardial depression (morphine) (22) or apparent peripheral vasocontric- 
tion (halothane) (23) may be produced. The mechanisms behind these diverse effects 
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are probably central in origin, but have not been clarified as yet. It seems that the 
old opinion about the benign pharmacologic nature of this most widely used of the 
anesthetic gases must be modified in present practice. 


INTRAVENOUS DRUGS 


None of the intravenous drugs available for the clinician in the United States today 
can produce all thé requirements of surgical anesthesia. The hypnotics and tranquil- 
izers lack analgesic and muscle-relaxing properties. The analgesics and neuromuscu- 
lar blocking drugs do just what their name implies. Ketamine comes the closest to 
fulfilling the criteria, but if muscle relaxation is necessary this drug must also be 
supplemented. Consequently, the intravenous drugs are almost always used in com- 
bination and/or with inhalation or regional anesthesia. 


Hypnotics 


These drugs are primarily used for induction of anesthesia. The ultra-short-acting 
thio- and oxybarbiturates (thiopental, thiamylal, methohexital) remain the standard 
drugs. Early work suggested that these drugs produced venodilation predominantly 
and decreased CO through a decrease in venous return (24). Although more recent 
studies with systolic time intervals (25) and left ventricular (LV) pressure derivatives 
(26,27) have suggested a direct negative inotropic effect with clinical doses in man, 
preload was not always documented. In the best studies, from Göttingen, West 
Germany, significant tachycardia probably decreased the observed negative ino- 
tropic effect (26,27). The same group has seen similar effects with several drugs not 
available in the United States, including propranidid (a eugenol), and althesin (a 
corticosteroid combination). Of all induction agents studied by the Göttingen group, 
only the experimental imidazoyl-carboxyl ester, etomidate, failed to produce signifi- 
cant tachycardia and some evidence of ventricular depression. Diazepam has 
become very popular both for induction and supplementation of other anesthetic 
techniques. Low doses (0.1 mg/kg) (28) produced small decreases in preload, after- 
load, and stroke volume. Large doses (0.77 mg/kg) (29) resulted in more striking 
decreases in arterial pressure and stroke volume, now accompanied by an increase 
in heart rate. Diazepam is doubtless capable of causing significant depression of 
cardiac performance, as are all the available drugs of this type. 


Analgesics 


Although small doses of narcotic analgesics such as morphine and meperidine have 
been used for decades, only since the studies of Lowenstein et al in 1969 (30) has 
an attempt been made to use this class of drugs as the primary anesthetic. In that 
study, 1.0-2.0 mg/kg of morphine produced little change in pump function in 
healthy patients as measured by CO derivatives. More importantly, 1.0 mg/kg 
actually increased CO in patients with valvular heart disease (VHD). Another study 
in healthy volunteers supported the original data (22), although in clinical practice 
tachycardia and both hypo- and hypertension have been occasional problems, espe- 
cially in patients with ischemic heart disease (HD). Although the new synthetic 
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narcotic analgesic fentanyl is being widely used, especially in patients with heart 
disease, there is no objective evidence that the cardiac effects differ significantly from 
those reported with morphine (31,32). 


Ketamine 


One of the original attractions of ketamine was the lack of a negative inotropic effect. 
In fact, ketamine appeared to increase cardiac performance in healthy patients (33). 
The best of the studies published on the effect of anesthetics on ventricular function 
in man investigated the effect of 2 mg/kg of ketamine in angina pectoris patients 
without demonstrated coronary pathology on angiogram (34). Tweed et al showed 
a definite increase in “muscle” function (using Mason’s Common Peak Intraven- 
tricular Pressure technique) (3) and cardiac output, while keeping heart rate con- 
stant by atrial pacing (Figure 2). 


Neurolept Anesthesia 


The combination of potent tranquilizers such as phenothiazines and butyrophe- 
nones with potent analgesics has been termed neuroleptic anesthesia. Although the 
most popular combination, droperidol and fentanyl, produced little effect on ven- 
tricular function in healthy man, the studies were all without preload measurement 
(26,27,31,32). A definitive statement must await further study. 


COMPOSITE CURVES 
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Figure 2. Effect of ketamine 2 mg/kg on cardiac muscle function in man at constant heart 
rate. DEV.P=developed pressure in the left ventricle; dp/dt=rate or rise of left ventricular 
pressure; and CPIP = Common Peak Intraventricular Pressure (used with permission of W.A. 
Tweed, M.D). 
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Neuromuscular Blocking Drugs 


The ability to safely anesthetize and operate on severely ill patients is due in large 
measure to the development of this class of drugs. No longer are high doses of potent 
CNS (and cardiovascular) depressants necessary to provide an adequate surgical 
field. Obviously, then, these drugs must have minimal negative inotropic effects. 
Using a SGA on the right ventricles of patients during cardiopulmonary bypass, 
Longnecker et al demonstrated that this is indeed true for p-tubocurarine (35) and 
gallamine (36). Studies in intact man have supported these observations (37). Galla- 
mine and pancuronium frequently increase heart rate, and succinylcholine and 
p-tubocurarine can produce a bradycardia, probably through effects on the auto- 
nomic nervous system (ANS). In a variety of disease states, succinylcholine is also 
capable of eliciting enough potassium release from damaged muscle to severely 
depress ventricular function (38). 


REGIONAL ANESTHESIA 


There are two ways in which the use of local anesthetics to block nerve transmission 
can affect the heart. If large doses of the drug are used (or if the drugs are injected 
directly intravascularly), the direct effect of the local anesthetic on the heart may 
depress ventricular performance (39) (although usually CNS toxicity will appear 
first) (40). If the nerve block includes a significant’ portion of the ANS (spinal, 
epidural, and IX, X cranial nerves), cardiac performance may also be affected. 
However, in healthy, normovolemic man, epidural and spinal anesthesia to as high 
as thesecond thoracic dermatome produced minimal changes in the pump function 
of the heart (41, 42). 


SUMMARY 


All potent CNS depressant drugs can depress cardiac function in man in a dose- 
dependent manner. The dose-effect curve is considerably flatter with several drugs 
(diethyl ether, cyclopropane, fluroxene, isoflurane, and ketamine), presumably from 
sympathetic nervous-system activation. Potent analgesics and tranquilizers appear 
to produce less depression, but have been incompletely studied. Neuromuscular 
blocking drugs and regional anesthesia produce minimal effects on the heart in 
healthy people. However, not as much is known about diseased man. For instance, 
nitrous oxide produces more depression in “muscle” function in IHD patients (43), 
while diazepam (28) and morphine (44) do not adversely affect pump function in 
this class of patients. Fluroxene (45) is more depressant in VHD patients, but nitrous 
oxide (46), morphine (30), fentanyl (46),.and droperidol-fentanyl (46) seem to have 
equivalent effects to those seen in healthy patients. In any given patient, therefore, 
accurate prediction of the effect of any anesthetic drug on cardiac performance is 
not possible. Adequate monitoring and careful titration of drug dose offer the safest 
method of assuring a satisfactory response. 
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Pulmonary insufficiency remains a major complication following multisystem | 
trauma. The fat emboli syndrome is a leading cause of this respiratory problem 
occurring in the early postaccident period. Ever since Zenker (1) first described 
postmortem findings of fat emboli in the lungs of accident victims, there has been 
considerable interest by traumatologists in defining the pathophysiology, preven- 
tion, and treatment of the clinical entity. Because of its protean manifestation, the 
syndrome often goes unnoticed until the terminal phase. 

Although experimental work with fat embolism dates back more than two centu- 
ries, it was not until the late 1800s that the initial clinical description of the triad 
of confusion, dyspnea, and petechiae was described in German literature by Von 
Bergmann (2). Soon after, the first American experience with this posttraumatic 
disease process was recorded by Fenger & Salisbury (3). Fat emboli were recognized 
as a major cause of collapse following injury by many authors including Dennis (4), 
who in his Systems of Surgery proposed the “Rule of 3’s.” Shock causes collapse 
in the first three hours after trauma, fat emboli cause collapse three days after injury, 
and pulmonary emboli three weeks after accident. Parenteral alcohol was the initial 
therapeutic agent used by Herrmann in 1932 (5) to treat fat embolism, as the 
lipolytic effects of this agent were thought to be beneficial. 


INCIDENCE 


Because of the subtle manifestations of the syndrome, its reported incidence has 
varied significantly. In the military experience, 10% of the battlefield deaths during 
World War I were thought to be secondary to pulmonary fat embolization, while 
the percentage increased markedly to 65% during World War II and was reported 
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as 40% during the Korean conflict (6-8). Clinical reports indicate incidences of 
major fat embolization as high as 90% of the patients dying following automobile 
accidents (9). While there is no age or sex difference for individuals incurring a 
similar degree of multisystem injury, the percentage of male patients is higher 
because of more occupational and recreational exposure to major trauma. 


PATHOPHYSIOLOGY OF FAT EMBOLISM 


There is considerable controversy over both the source of the fat emboli and their 
mode of action. Two major theories exist. The first, known as the mechanical theory, 
was originally suggested by Gauss in 1924 (10). This theory proposes that the fat 
emboli arise by egress of local fat from the marrow at the site of fractures. These 
emboli are carried through the venous circulation to the pulmonary capillary bed, 
causing hemorrhagic or ischemic changes by temporary occlusion of the small 
vessels. Arnim & Grant (11) provided experimental support for the mechanical 
hypothesis by demonstrating bone-marrow emboli in pulmonary capillaries follow- 
ing long-bone fractures in animals. Others, while supporting the embolism and 
mechanical obstruction phase of the theory, feel that the emboli themselves may 
come from the coalescence of lipids mobilized from fat depots, particularly other 
than those located in marrow cavities (12). 

The other, more popular theory has been called the physiochemical hypothesis 
and was first proposed by Lehmann & Moore in 1927 (3). This theory has evolved 
over a number of years to its present concept, which states that the pulmonary, 
cerebral, and cutaneous pathology is a result of the toxic effects of free fatty acids. 
The source of the free fatty acids may be either hydrolysis of neutral fat droplets 
by tissue lipase; the mobilization of fatty-acid stores by catecholamines, glucagon, 
and steroids; or both. Many researchers, including Peltier (14), have clearly demon- 
strated the toxic effects of free acids on lung tissue. These acidic substances cause 
disruption of the capillary alveolar membrane with alteration in surfactant activity. 
leading to frothy edema, hemorrhage, and further loss of functional residual capac- 
ity. Intravenous injection of unbound free fatty acids, such as oleic or arachidonic 
acid, produce pulmonary decompensation in a variety of animal models. Kreis and 
associates (15) produced lethal hypoxia in dogs with intravenous injection of 0.07 
ml/kg of oleic acid, with radiographic and pulmonary histologic changes consistent 
with the clinical picture of fat emboli syndrome. Slightly larger doses of oleic acid 
produced a marked decrease in pulmonary compliance and oxygen diffusion in a 
similar animal model (16). Incubation of the fatty acids with albumin prior to 
injection eliminated the toxic effects of these agents (17). 

In the normal state, free fatty acids are transported through the intravascular 
space in a bound state, with albumin being the principal protein binder. Less than 
1% of the circulating free fatty acids exists in the unbound state physiologically. 
Following trauma, there is a significant elevation in free fatty acid levels in all 
patients incurring serious injury (18). The degree of elevation appeared to be propor- 
tional to the magnitude of the injury. The source of the serum fatty acid appears 
to be increased lipolysis of adipose tissue. Carlson and his co-workers linked this 
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excessive lipid mobilization with a microscopic- pathological picture in animals 
consistent with clinical fat emboli in man (19). Recent clinical experience has _ 
demonstrated that patients who develop fat emboli syndrome have a significantly 
lower serum albumin than patients who remain asymptomatic, allowing significant 
portions of the free fatty acids to circulate unbound (20). Albumin administered 
intravenously during the early posttrauma period, to reduce the level of unbound 
free fatty acid, has produced a marked reduction in the incidence of fat emboli 
syndrome in patients with multiple injuries. 


DIAGNOSIS 


Clinical manifestations of fat emboli syndrome include dyspnea, confusion, and 
petechiae, since the target organs of,this posttraumatic complication are the pulmo- 
nary, cerebral, and cltaneous systems. The initial respiratory components may be 
insidious, with slight tachypnea without marked distress.. The syndrome can 
progress to severe dyspnea with cyanosis. Mental signs include anxiety, agitation, 
and confusion, progressing to coma in rare incidences. Careful examination of the 
torso may reveal a petechiae rash. Other areas where petechiae are often found 
include the conjunctivae, nail beds and uvula. 

The peak incidence of this cause of pulmonary insufficiency is two to three days 
following injury. This temporal fact is useful in distinguishing fat embolism from 
other major causes of early respiratory distress. The manifestations of pulmonary 
contusion are usually.evident in the first 24 hours following injury, while shock lung 
occurs later in the postinjury period. 

The diagnosis of fat emboli syndrome is csually made on a clinical basis that 
includes a history of long-bone injury, shock, respiratory distress, progressive 
change in cerebral function, and the presence of petechial rash. However, there are 
some laboratory. parameters that are confirmatory and aid the physician in the 
differential diagnosis. The chest X ray is usually normal at the time of admission. 
Findings of fluffy densities in both lung fields are not evident until about the second 
or third postinjury day. In patients with direct thoracic trauma-causing 
pneumohemothorax and pulmonary contusion, radiologic changes are unilateral 
and present within the first few hours following injury. 

The value of fat globules in the urine as a criterion for fat emboli syndrome is 
questionable, since most patients following major trauma are noted to have urinary 
fat globules whether or not they develop respiratory distress (21). However, the 
absence of fat globules in patients with respiratory distress makes the diagnosis of 
fat emboli unlikely and points more toward shock lung. Shock lung causes respira- 
tory distress that usually develops five days after injury, at which time fat is absent 
from the urine. Similar lack of diagnostic reliability has been reported for presence 
of fat in the sputum. 

Electrocardiographic changes are not specific and indicate acute pulmonary hy- 
pertension and right ventricular strain. These electrocardiographic findings include 
the prominent S waves in Lead I, prominent Q waves in Lead III, varied S-T 
changes, and right-axis deviation. 
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Changes such as thrombocytopenia, hypofibrinogenemia, and prolongation of the 
partial thromboplastin times have been reported in patients with fat embolization 
and have been considered the cause of the clinical manifestations. However, con- 
trolled experimental work has demonstrated that these clotting abnormalities are 
secondary to hypovolemic shock rather than to fat embolization. Clinical experience 
in patients subjected to major trauma showed no statistical difference in platelet 
counts, fibrinogen levels, partial thromboplastin, and prothrombin times, in patients 
with and without respiratory distress (20). 

Serum lipase and tributyrinase levels have been reported as valuable diagnostic 
aids for fat embolization. Both of these enzymes have been demonstrated to be 
elevated in patients with fat embolization, but they have not correlated well with 
the degree of severity of the clinical syndrome (22). 

` The arterial blood gas is the most helpful laboratory test in the diagnosis and 
management of fat embolization. An arterial po, of less than 60 mm Hg on room 
air is indicative of significant oxygen desaturation and the need for respiratory 
support. As the syndrome initially develops, patients may be slightly alkalotic and 
hypocarbic secondary to hyperventilation; however, further deterioration results in 
continued hypoxia, hypercarbia, and acidosis. 


TREATMENT 


Many aspects of early treatment are thought to affect the development of fat emboli 
syndrome and proper attention to these details of care will minimize its incidence. 
Factors such as fracture instability, shock, and overresuscitation influence the inci- 
dence of this respiratory complication. All fractures should be stabilized as effec- 
tively and as early as possible using air splints at the scene of the accident, and 
balanced traction, casting, or internal stabilization in the hospital. 

Prompt reversal of hypovolemic shock is extremely important in minimizing 
posttraumatic pulmonary insufficiency. Use of electrolyte solutions and whole blood 
for rapid volume expansion is an important factor. While estimation of blood loss 
is often difficult in this patient population because of continued, hidden bload losses, 
careful attention to serial circumferential measurements of injured limbs, the use of 
central venous-pressure monitoring in unstable patients, and accurately maintained 
intake and output balances will minimize fluid overload and pulmonary edema. 

While the value of colloid during the initial resuscitation as a volume expander 
has been questioned, the use of albumin replacement for its fatty-acid binding 
capabilities, by maintaining a serum albumin level greater than 3.5%, has been 
valuable-in reducing the incidence of pulmonary insufficiency from fat emboli in our 
clinical experience. i ' 

Historically, many agents have been used to treat fat emboli syndrome including 
5% ethyl alcohol by Herrmann in 1932 (5). He used this agent after it had been 
shown to inhibit lipase activity both in vitro and in vivo. However, continued use 
of this agent has never been demonstrated to be effective in reducing pulmonary 
insufficiency of fat embolism once it has developed. Heparin is another agent that 
has been advocated because of its lipemic clearing capability and anticlotting proper- 
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ties. Nonetheless, because of the increased bleeding problems associated with 
trauma, heparin has not been extensively used for this syndrome. 

The most effective agent in treating fat emboli syndrome once it has developed 
has been systemic corticosteroids. Ashbaugh & Petty (23) first reported its use and 
effectiveness in reversing respiratory failure with massive fat emboli. High-dose 
steroids have been demonstrated to reduce the high mortality rate associated with 
this. disease. The major action of corticosteroids in reversing the toxic effect of free 
fatty acids appears to be their anti-inflammatory property. Experimental studies 
with fat embolization have shown that corticosteroids reduce hypoxia secondary to 
this process. 

Initially the hypoxia can be reversed with the use of nasal oxygen; however, since 
rapid fall in the Po, may develop in the patients over a period of 12 to 18 hours, 
serial blood-gas determinations are necessary. If arterial Po, greater than 70 mm Hg 
cannot be maintained on nasal oxygen, intubation and ventilatory support with a 
volume ventilator may be necessary. High tidal volumes in the range of 15 ml/kg 
body. weight have been effective in stabilizing and reversing pulmonary post- 
traumatic respiratory distress. The addition of positive end-expiratory pressure has 
been shown to be beneficial in increasing the functional residual capacity and 
decreasing pulmonary shunting in patients (24). 


SUMMARY 


Fat emboli syndrome is one of the major causes of early posttraumatic respiratory 
distress. Careful attention to the multiple factors associated with the early resuscita- 
tive period can minimize this lethal complication of multisystem injury. The use of 
high-dose steroids and appropriate ventilatory support will decrease the high mor- 
tality rate associated with this disease syndrome once it has developed. 


Literature Cited 
1. Zenker, F. A. 1861. Beitrage zur Anato- 7. Scully, R. E. 1956. Fat embolism in Ko- 


mie und Physiologie der Lunge. Dres- rean battle casualties; its incidence, clin- 
den: Braunsdorf. 20 pp. ical significance and pathologic aspects. 
2. Bergmann, E. B. 1873. Ein Fall tod- Am. J. Pathol. 32:379-403 
licher fetlenbolic. Berl Klin. Wo- 8. Sutton, G. E. 1918. Pulmonary fat em- 
chenschr. 10:385-87 bolism and its relation to traumatic 
3. Fenger, D., Salisbury, J. H. 1879. shock. Br. Med. J. 2:368-70 
Diffuse multiple capillary fat embolism 9. Greendyke, R. M. 1964. Fat embolism 
in the lungs and brain as a fatal compli- in car deaths, New York. J. Forensic 
cation in common fracture: illustrated Sci. 9:201-8 
by a case. Chicago Med. J. Exam. 10. Gauss, H. 1924. The pathology of fat 
39:587-95 embolism. Arch. Surg. 9:593-605 
4. Dennis, F. S. 1895. System of Surgery, 11. Arnim, J., Grant, R. E. 1966. Observa- 
Vol. 1. Philadelphia: Lea Bros. 533 pp. tions on gross pulmonary fat embolism 
§. Herrmann, L. G. 1932-1933. Effect of in man and in the rabbit. Can. J. Surg. 
dextrose alcohol mixture upon pulmo- 9:286-93 
nary fat embolism. Proc. Soc. Exp. Biol. 12. Bergenty, S. E. 1961. Studies on the 
Med. 30:558-59 genesis of post traumatic fat embolism. 
6. Malloy, T. B., Sullivan, E. R., Burnett, Acta Clin. Scand. 282:1-72 


C. H. 1950. VII. The general pathology 13. Lehman, E. P., Moore, R. M. 1927. Fat 
of traumatic shock. Surgery 27:629-44 embolism including experimental pro- 


90 


14, 


15. 


17. 


18. 


MOYLAN & EVENSON 


duction without trauma. Arch. Surg. 
14:621-62 

Peltier, L. F. 1956, Fat embolism: The 
toxic properties of neutral fat and free 
fatty acids. Surgery 40:665-70 

Kreis, W. R., Lindenaur, S. M., Dent, 
T. L. 1973. Corticosteroids in experi- 
mental fat embolization. J. Surg. Res. 


. 14:238-46 
16. 


Cahill, J. M., Daly, B. F. T., Byrne, J. 
J. 1974, Ventilatory and circulatory re- 
sponse to oleic acid embolus. J. Trauma 
14:73-76 

Mays, E. T., Schrodt, R., Chung, R. 
1976. Role of protein binding of cyto- 
toxic anions in post-traumatic pulmo- 
nary insufficiency. J. Trauma 16: 
290-99 ` 

McNamara, J. D., Molat, M., Dunn, 
R., Burran, E. L., Stremple, J. F. 1972. 
Lipid metabolism after trauma. J. Tho- 
rac, Cardiovasc. ‘Surg. 66:968-72 


. Carlson, L. A. 1970. Mobilization and 


utilization of lipids after trauma: Rela- 


20. 


21. 


22. 


23. 


24. 


tion to caloric homeostasis. Ciba 
Found. Symp: Energy Metabolism in 
Trauma, pp. 155-73. London: 
Churchill í 
Moylan, J. A., Evenson, M. E., Birn- 
baum, M., Katz, A. 1976. Fat emboli 
syndrome. J. Trauma 16:341-47 
Morton, K. S. 1956. Fat embolism: In- 
cidence of urinary fat in trauma. Can. 
Med. Assoc. J. 74:441-48 

Herndon, J. H., Riseborough, E. J., 
Fischer, J. E.. 1971. Fat embolism, a re- 
view of current concepts. J. Trauma 
11:673-80 

Ashbaugh, D. G., Petty, T. L. 1966. 
The use of corticosteroids in the treat- 
ment of respiratory failure associated 
with massive fat embolism. Surg. Gyne- 
col. Obstet. 123:493-500 $ 
Ashbaugh, D. G., Petty, T. L. 1973. 
Positive end-expiratory pressure, physi- 
ology; indications and contraindica- 
tions. J. Thorac.’ Cardiovasc. Surg. 
65:165-70 


Ann. Rev. Med. 1977, 28:91-102 
Copyright © 1977 by Annual Reviews Inc. All rights reserved 


GLOMERULAR FILTRATION $7296 
OF FLUID AND MACROMOLECULES: 
THE RENAL RESPONSE TO INJURY 


David A. Maddox, Ph.D, 


Departments of Medicine and Physiology and the Cardiovascular Research Institute 
of the University of California, San Francisco, California 94143 . 


Barry M. Brenner, M.D. 


Laboratory of Kidney and Electrolyte Physiology, Department of Medicine, 
Peter Bent Brigham Hospital, Boston, Massachusetts 02115 


INTRODUCTION 


Despite significant advances in the understanding of the immunological and mor- 
phological. aspects of a variety of disorders involving the kidney in which the 
glomerular filtration of water and macromolecules is affected, there has been, until 
recently, relatively little information concerning the mechanisms responsible for 
these changes in filtration. This is due in large part to the fact that glomeruli are 
seldom encountered as surface structures in the mammalian kidney, and are there- 
fore inaccessible to direct study in vivo. This restriction has been overcome, how- 
ever, with the recent discovery of a unique strain of Wistar rats (the so-called 
Munich- Wistar strain) with surface glomeruli. This advantage, together with tech- 
nological and methodological developments allowing the direct assessment of hy- 
draulic and oncotic pressures in the glomerular and periglomerular microcirculation 
(1, 2), has made possible an analysis of the determinants of fluid and solute filtration 
in this mammalian species. This review summarizes our current understanding of 
the transglomerular transport of fluid and macromolecules, both in the normal state 
and in response to renal injury. 


DETERMINANTS OF GLOMERULAR ULTRAFILTRATION 
Normal Glomerular Dynamics 


The rate of production of a nearly ideal ultrafiltrate of plasma across the glomerular 
capillary walls, as in other capillary beds, is governed by the imbalance between the 
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transcapillary hydraulic and colloid osmotic pressures. At any point along a 
glomerular capillary the local rate of ultrafiltration, J,, equals k-(AP-A7r), where 
k is the effective hydraulic permeability of the capillary wall, and AP and Am are 
the transcapillary hydraulic and colloid osmotic-pressure differences, respectively. 
AP is the difference between glomerular capillary hydraulic pressure, Poc, and 
Bowman’s space hydraulic pressure, Pr, while Az refers to the corresponding 
colloid osmotic-pressure difference between the glomerular capillaries (argc) and 
Bowman’s space (mq). Under normal hydropenic conditions Pgc has been found to 
average approximately 45 mm Hg in both the Munich-Wistar rat (3-9) and the 
squirrel monkey (10), while Py averages approximately 10 mm Hg. AP, the differ- 
ence between these values of Poc and Pr averaged along the length of the glomerular 
capillary, is therefore equal to approximately 35 mm Hg. In the rat, Az, equal to 
Tac since Tr is negligible (11), increases from a value of about 20 mm Hg at the 
afferent end (7,4) of the capillary network to approximately 35 mm Hg at the 
efferent end (mg). The net local driving force for ultrafiltration, Pyp, therefore 
declines from a maximum value of about 15 mm Hg at the afferent end of the 
glomerulus to zero at the efferent end. Thus, by the efferent end of the capillary 
network, Ar rises to a value that, on the average, exactly equals AP (3-10). This 
equality of AP and Av is referred to as filtration pressure equilibrium. 

Typical profiles of AP and Az for the glomerular capillary of normal hydropenic 
animals are illustrated in Figure 1, where the abscissa represents the fractional 
distance along an idealized glomerular capillary, 0 being the afferent end and 1 the 
efferent end. Precise determinations of 7 can only be made on samples of systemic 
plasma (assumed to be equal to afferent arteriolar plasma) and plasma from efferent 
arterioles, thereby precluding direct determination of the exact profile of the charige 
in Aw with distance along the capillary. Thus Av curves A and B in the left and 
center panels of Figure 1 both satisfy the experimental finding in normal hydropenia 
of filtration-pressure equilibrium being achieved by the efferent end of the glomeru- 
lar capillaries. Importantly, however, curves A and B are but two of an infinite 
number of profiles consistent with the measurements of a, and mg obtained in 
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Figure 1 Comparison of transcapillary hydraulic (AP)- and oncotic (Azr)-pressure profiles 
along idealized glomerular capillaries under hypothetical conditions of filtration pressure 
equilibrium (left and center panels) or disequilibrium (right panel). 
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hydropenia. Hence the precise point at which Pyp = 0 cannot be determined under 
equilibrium conditions. 

For the glomerulus as a whole, the single-nephron glomerular filtration rate 
(SNGFR) is the product of the ultrafiltration coefficient Keş and the net driving 
pressure averaged over the length of the capillary, Pyp. Pyr is the difference between 
the mean transcapillary hydraulic- and oncotic-pressure differences, AP and Az, 
respectively. The shaded areas in Figure 1 (that is, the areas between the AP and 
Am curves) correspond to the value of Pyp in each panel. Ky is the product of the 
effective hydraulic permeability of the capillary wall and the surface area available 
for filtration. When filtration-pressure equilibrium exists it is not possible to estimate 
Por, and hence K;, due to the uncertainty in determining the exact Az profile. 

A variety of studies, designed to examine how variations in glomerular transcapil- 
lary pressures result in changes in SNGFR, have revealed that such changes in 
SNGFR result primarily from variations in the rate of rise of Az, rather than from 
large changes in AP (4, 5, 7, 9, 12). Alterations in the rate of rise of Az result from 
variations in the rate of glomerular plasma flow (Qa), with increases in Q4 tending 
to displace the point at which filtration-pressure equilibrium is reached further 
toward the efferent end of the glomerular capillary (13), as from curve A in the 
left-hand panel of Figure 1 to curve B in the center panel. As a result, Pyp increases, 
as denoted by the increase in the shaded area, leading to an increase in SNGFR. 
Decreases in Q4 have the opposite effect. It has been concluded from these observa- 
tions that SNGFR is highly plasma flow—dependent, at least in the Munich-Wistar 
rat. 

Since it is impossible, under conditions of filtration-pressure equilibrium, to dis- 
tinguish among the many Av profiles consistent with equilibrium, only a minimum 
value of Kp can be estimated. If, however, Q, is increased to levels above normal 
so that Azr no longer rises to a value large enough to equal AP, as in the right-hand 
panel of Figure 1, a condition of filtration-pressure disequilibrium will obtain. 
Under these conditions, a unique Az profile can be computed from the measured 
values of afferent and efferent protein concentration, AP, and Q4, using the mathe- 
matical model of glomerular filtration derived by Deen, Robertson & Brenner (13). 

This approach of increasing Q4 to levels high enough to ensure disequilibrium in 
order to estimate the value of K; in the Munich-Wistar rat has been achieved both 
by intravenous infusion of isoncotic rat plasma (12) and by isovolemic reduction in 
hematocrit (7). In both instances K; was found to average about 4.8 nl(minmm 
Hg)". Furthermore, K; remained essentially unchanged over a twofold range of 
changes in Qa (12), suggesting that Ky does not vary with Q4. 


Response to Reduced Renal Mass 


Reduction in functional renal mass, when the result either of partial surgical abla- 
tion or a primary nonglomerular disease such as pyelonephritis, generally leads to 
an adaptive increase in the rate of glomerular filtration in surviving nephrons (5, 
14-19). To ascertain the basis for this increase in GFR, Deen et al (5) recently 
examined glomerular dynamics in uninephrectomized Munich-Wistar rats studied 
2-4 weeks following surgery. Characteristic of compensatory hypertrophy, both 
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total GFR and the total renal mass of the contralateral kidney increased by approxi- 
mately 50%. Results of renal micropuncture studies in these animals and in a 
separate group of normal hydropenic (sham-operated) control rats are shown in 
Figure 2. Along with total GFR in the remaining kidney, both SNGFR and Q, 
increased proportionately following uninephrectomy, with single-nephron filtration 
fraction (SNFF) remaining relatively constant. Despite no signficant differences in 
systemic arterial pressure (AP) between the two groups, AP was significantly higher 
following uninephrectomy, averaging about 40 mm Hg, compared to 34 mm Hg in 
controls (Figure 2). This was entirely the consequence of an increase in Poc, Pr 
remaining unchanged. ma was not different between the two groups and filtration- 
pressure equilibrium was observed in both groups. of rats. 

` It can be seen from Figure 2 that the increase in SNGFR following uninephrec- 
tomy could have resulted from an increase in Ky Pup, or both. As discussed 
previously, a.unique value of Kp cannot be determined under conditions of filtration 
pressure equilibrium. To estimate KX; for uninephrectomized rats, Deen et al (5) 
produce disequilibrium by isoncotic plasma expansion, which had the desirable 
effect of increasing Qa. Under these conditions K; was found to average 4.7 nl 
(minemmHg) ~!, a value similar to that found in non-nephrectomized control rats 
(7, 12). Since m4 and Kr were essentially unchanged following uninephrectomy, 


150 50 
125 40 
100 30 
Qa oO SNGFR @ 
(nl/min) 75 20 (nl/min) 
50 10 
40 
PRESSURE 
(mm Hg) 30 





CONTROL  UNINEPH 


Figure 2 Summary of effects of uninephrectomy on some measured determinants of glomeru- 
lar ultrafiltration. Data (Mean + SE) were obtained from 8 control Munich-Wistar rats 
(left) and 10 rats (right) subjected to uninephrectomy 2—4 weeks prior to study. DE, 
from (41) with permission. 
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the observed increases in the mean net ultrafiltration pressure, Pyp and resulting 
increase in SNGFR must have been the consequence of the increases in Q, and 
AP. An estimation of the individual contribution of these changes in Q, and AP to 
the observed changes in SNGFR was calculated (13) and revealed that 70% of the 
compensatory increase in SNGFR was due to the rise in Qa, the remainder being 
due to the increase in AP. 

In accord with these findings, Kaufman et al (18) observed that a 50% reduction 
in renal mass in the rat resulted in proportional increases in SNGFR and Qa, with 
SNFF remaining the same as in non-nephrectomized control rats. Following 75% 
ablation of renal mass, however, SNGFR and Q; increased further, but with a 
decrease in SNFF. Assuming that there was no substantial fall in AP or increase 
in a, in the animals studied by Kaufman et al (18), the further increase in Q4 to 
remaining nephrons probably produced filtration-pressure disequilibrium. Thus it 
appears that following 50% or even 75% reduction in renal mass, the compensatory 
increases in SNGFR are primarily governed by the extent to which Q4 increases 
in surviving nephrons. Here again, the results accord well with the earlier conclusion 
that GFR is highly plasma flow-dependent. 


Response to Primary Glomerular Injury 


In contrast to the observed increases in SNGFR, which tend to minimize the degree 
of reduction in total GFR that would otherwise occur when renal mass is reduced 
by surgical ablation, progressive destruction of glomerular capillaries in a variety 
of glomerulopathic states is generally attended by reductions in both whole-kidney 
and single-nephron GFR. Relatively little is known of the forces governing glomeru- 
lar ultrafiltration in these glomerulopathies, despite considerable advances in our 
understanding of the morphological and immunological aspects of these disorders. 

Maddox et al (6), however, have recently examined the forces determining 
glomerular filtration in Munich-Wistar rats 1-2 weeks following induction of a mild 
to moderate form of nephrotoxic serum nephritis (NSN). Both light and electron 
microscopy revealed that the proliferative inflammatory response associated with 
this form of glomerular injury caused partial or complete obliteration of some 
capillary loops, while other capillaries appeared essentially normal. Despite this 
morphologic evidence of widespread glomerular injury, glomerular filtration rates 
(single-nephron and whole-kidney) and glomerular plasma-flow rates (Q4) were not 
different, on the average, from values in non-nephritic control rats, as shown in 
Figure 3 (top panel). In NSN, AP was elevated considerably above normal, due 
solely to increases in Poc. Since Q4 and a, remained essentially constant, the failure 
of SNGER to rise in response to the increase in AP in NSN rats was the consequence 
of a concomitant reduction in Kp to a value averaging one third of normal. Allison, 
Wilson & Gottschalk (20) have similarly observed reduction in K;in studies of more 
severe NSN as well as Heymann’s nephritis in the rat. It is likely that the fall in 
Kç; observed in NSN rats is at least partly the result of the reduction in the number 
of patent capillaries in each glomerulus, i.e. a reduction in surface area available for 
ultrafiltration. Whether a decrease in effective hydraulic permeability also contrib- 
utes to the fall in Kç cannot be ascertained from morphological considerations. This 
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Figure 3 Summary of some of the determinants of SNGFR in 16 control Munich-Wistar rats 
(Jeft) and 22 rats with nephrotoxic serum nephritis (NSN, right). Values are expressed as 
means + SE. Reproduced from (41) with permission. 


latter possibility is suggested, however, by the recent findings of Blantz & Wilson 
(21), who observed a fall in X; one hour after intravenous injection of nephrotoxic 
serum. At this early interval following injection of nephrotoxic serum, the number 
of patent glomerular capillaries was not found to be reduced appreciably, so that 
a fall in hydraulic permeability, rather than a reduction in surface area, was postu- 
lated to account for their observed marked fall in Ky. 

In the study of Maddox et al (6), in the early stage of NSN, SNGFR and 
total-kidney GFR remained at normal levels despite a fall in Kp to one third of 
normal, because of the compensating effect of an increase in AP. If AP remains 
elevated in chronic glomerulonephritis, as suggested by the findings of Allison et al 
(20), the progressive deterioration in filtration rate characteristically noted in more 
advanced stages of this disorder must result from further reductions in K; and/or 
declines in Q4. 


PERMSELECTIVITY OF THE GLOMERULAR 
‘CAPILLARY WALL 


Studies in Normal Animals 


The glomerular capillary wall normally possesses the ability to discriminate among 
molecules of varying size. While molecules the size of inulin or smaller normally 
permeate the capillary wall without measurable restriction, the transglomerular 
passage of molecules of increasingly greater size diminishes progressively, the extent 
of restriction being almost complete for molecules the size of serum albumin or 
greater. 
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Our current views of the mechanisms governing this permselectivity of the 
glomerular capillary wall derive largely from differential solute-clearance studies, in 
which the urinary excretion of some test macromolecule (such as dextran) is com- 
pared to that of a reference solute (such as inulin) that appears in Bowman’s space 
in the same concentration as in plasma. water. If both test and reference solutes are 
neither secreted nor reabsorbed, fractional clearance determined in this manner is 
equivalent to the ratio of the concentration of the test macromolecule in Bowman’s 
space to that in plasma-water. 

The dashed line in Figure 4 shows results of measurements by Chang and cowork- 
ers (9) of the transport of uncharged, tritiated dextrans (D) of various sizes across 
glomerular capillaries in the normal hydropenic Munich-Wistar rat. Fractional 
clearances of D are plotted as a function of effective radius of D, a value of one on 
the ordinate corresponding to a clearance of D equal to that of inulin. As shown, 
measurable restriction to the transport of D (i.e. fractional clearance ratios less than 
one) does not occur until the effective radius exceeds approximately 21 A. For larger 
molecular radii, fractional clearances of D decrease progressively with increasing 
size, approaching zero at radii greater than 42 A. Similar. fractional solute-clearance 
profiles have been reported in other experimental animals and man (22-25). 
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Figure4 Fractional clearance of dextran sulfate (DS) and neutral dextran (D), plotted as a 
function of effective molecular radius. Values are expressed as means + SE. Reproduced from 
(29) with permission. 
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It is important to appreciate that solute and water transport across the glomerular 
capillary wall are closely coupled, with the Bowman’s space-to-plasma concentra- 
tion of a macromolecule being inversely dependent on GFR (24-27). Accordingly, 
the transglomerular transport of macromolecules will be influenced not only by the 
physicochemical properties of the capillary wall, but also by the other determinants 
of glomerular ultrafiltration, namely the transcapillary hydraulic- and oncotic-pres- 
sure differences and the glomerular capillary plasma-flow rate, Q4. Recently Chang 
et al (9) compared fractional clearances of D in Munich-Wistar rats before and 
during volume expansion with isoncotic plasma, the main effect of the latter being 
to increase Q,. In keeping with theoretical predictions that the transport of a 
macromolecule increases less than in proportion to the increase in the glomerular 
filtration of water (25-28), the measured threefold increases in Q4 during plasma 
loading resulted in falls in fractional clearances of D. From these results, Chang et 
al (9) determined that dextran filtration is influenced by diffusion as well as convec- 
tion. 

In addition to the effects of molecular size and the various determinants of GFR, 
fractional clearances of macromolecules have recently been shown to be influenced 
by electrical factors as well. To illustrate this latter influence, recall that the Bow- 
man’s space-to-plasma concentration ratio for albumin is normally very low, averag- 
ing less than 0.001 in the normal rat (11). The fractional clearance of a neutral 
dextran molecule of effective radius equivalent to albumin, ~36 A, averages 0.19 
(Figure 4), or some two orders of magnitude greater than that of albumin. That this 
difference between the clearance of albumin and that of nonprotein macromolecules 
is not due primarily to albumin reabsorption by the renal tubule is indicated by the 
observation that the difference persists even when fractional clearances are mea- 
sured using fluid obtained from Bowman’s space (9). Since albumin is a polyanion, 
Chang et al (29) examined the effect of molecular electrical charge on glomerular 
permselectivity by studying the fractional clearances of dextran sulfate, (DS), an- 
ionic polymers structurally similar to neutral D. As shown in Figure 4, whereas a 
measured restriction to the transglomerular passage of neutral D does not occur 
until the effective radius exceeds 21 A, restriction to DS is evident over the entire 
range of molecular radii studied. It can be seen that for DS with an effective radius 
of 36 A, fractional clearance averaged 0.015, thus approaching that of albumin. 
These differences in the transport of DS vs D suggest electrostatic repulsion of 
charged macromolecules by some component(s) of the glomerular capillary wall (see 
below). 


Studies in Animals With Primary Glomerular Injury 


The fractional-clearance profiles obtained with macromolecules in both normal and 
pathological states are often erroneously taken to reflect the permselective properties 
of the glomerular capillary wall alone. As indicated above, however, these fraction- 
al-clearance profiles are likely to be influenced not only by the properties of the 
capillary wall, but also by the determinants of glomerular filtration rate and by the 
net charge of the molecule under study. Thus, when examining macromolecular 
transport across glomerular capillaries in studies of primary glomerular injury, it 
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is essential to measure the pertinent driving forces and flows governing ultrafiltra- 
tion and to define the physicochemical properties of the test substance. Chang et al 
(30) recently examined the transport of neutral D across accessible glomerular 
capillaries in Munich-Wistar rats following induction of nephrotoxic serum nephri- 
tis. Figure 5 (open circles) shows the relationship between fractional clearances of 
D and effective radius of D for 8 NSN rats studied during hydropenia. Whereas in 
non-nephritic control rats (solid circles), restriction to transport of D does not occur 
until the effective radius exceeds 21 A, in NSN rats restriction is evident over the 
entire size range of D’ examined. Since there is no measurable restriction to the 
transport of inulin (14 Aji in NSN rats (30), these findings i indicate that restriction 
to D in NSN becomes manifest at some radius above 14 A but below 18 A. 
Although SNGFR was normal, on the average, in these NSN rats, SNFF was 
lower than that observed ‘in non-nephritic control rats, despite values for AP in 
excess of normal (30).-This resulted from a marked fall in K induced by glomerular 
injury; as discussed earlier. Curve A of Figure 5 depicts the effects on fractional 
clearances of D expected solely from the measured changes in these glomerular 
pressures and flows in NSN rats (30). Since these changes in the determinants of 
SNGFR alone are insufficient to account for the observed marked displacement of 
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Figure 5 Fractional dextran clearances plotted as a function of effective dextran radius for 
NSN rats (open circles) and for a group of non-nephritic normal hydropenic control rats (solid 
circles). Values are expressed as means + SE. The significance of curve A is discussed in the 
text. Reproduced from (30) with permission. 
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the clearance profile of D in NSN, changes in the permselectivity properties of the 
glomerular capillary wall must have occurred in NSN. Of interest was the observa- 
tion that the excretion of albumin was found to increase in these NSN rats, whereas 
the excretion of D having the same effective radius as albumin (36 A) decreased. 

To examine the possibility of disease-induced alterations of the fixed electrical 
charges residing on the walls of the glomerular capillaries in NSN rats, the effect 
of which might be to increase the filtration of polyanionic, but not neutral, mac- 
romolecules, Bennett et al (31) examined the transport of DS in NSN rats. As shown 
in Figure 6, fractional clearances of DS were substantially greater, at any given 
molecular size, than those found in normal Munich-Wistar rats. These findings 
suggest that loss of fixed negative charges from the glomerular capillary wall may 
be a major cause of increased filtration of plasma proteifis following experimental 
or spontaneous glomerular injury. In this regard, it has been known for some time 
that the glomerular epithelial cells and their foot processes are covered with a thin 
layer of an anionic glycoprotein (sialoprotein) (32-35). In addition, the glomerular 
basement membrane (GBM) has been sliown to contain sialic acid (36, 37). These 
sialoprotein layers may normally serve to restrict thè passage of anionic mac- 
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Figure 6 Fractional dextran sulfate (DS) clearances plotted as a function of effective DS 
radius for NSN rats (open circles) and for a group of non-nephritic normal hydropenic control 
rats (solid circles). Values are expressed as means + SE. Reproduced from (31) with permis-, 
sion. 
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romolecules such as plasma proteins (32) and DS. In support of this possibility, 
glomerular sialoprotein content has been found to be diminished in glomerulopa- 
thies associated with proteinuria (31, 34, 38). Moreover, the sialic-acid content of 
isolated GBM is reduced in a variety of experimental and clinical proteinuric states 
(37, 39, 40). Obviously, it remains to be determined whether a causal relationship 
between loss of glomerular polyanion and proteinuria exists in man. If so, therapeu- 
tic efforts should then be directed at restoring fixed negative charges to the glomeru- 
lar capillary wall. 
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INTRODUCTION 


An understanding of the role of cytomegalovirus (CMV) in the compromised host 
has increased with the understanding of the epidemiology of CMV in normal 
individuals. Studies using complement-fixing (CF) antibody tests have shown that 
there is a higher incidence of latent infection with CMV in women compared to 
men (1), an increasing incidence of latent infection with increasing age (2—4), and 
an increasing incidence related to sexual activity (2). Furthermore, this incidence 
varies in studies of different normal populations in different sections of the country 
(3, 4). However, serologic surveys have uniformly been carried out using the CF test, 
which is now known to be relatively insensitive. It can be negative in patients 
shedding virus (5), and in individuals with positive neutralizing or fluorescent- 
antibedy (FA) activity (6). Better definition af tha incidence of infection awaits 
studies with the FA technique that has recently been demonstrated to detect virtu- 
ally all individuals with latent or active infection (6). 

Two types of CMV infection occur in the compromised host. One type appears 
to be reactivation of infection acquired earlier in life, and the other is infection 
acquired at the time the immune mechanisms of the host are compromised. This 
review considers the differences in these two types of infections among compromised 
patients and examines why these different patterns of infection occur. 


‘Supported in part by a contract (NIH NIAMD 3-2218) from the ‘Artificial Kidney and 
Chronic Uremia Program of the National Institute of Arthritis and Metabolic Diseases of the 
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INFECTION IN IMMUNE DEFICIENCY 


When the syndromes of combined immune deficiencies were first recognized, it 
became apparent that CMV was one of many agents capable of producing disease 
in this population (7). There are at least two reasons why CMV infection occurs in 
this setting: first, a significant percentage of pregnant, women (10-20%) shed CMV 
in their cervix and their offspring acquire infection at birth (8); second, household 
contact is sufficient to allow transmission of infection among normal children (9), 
and therefore to children with immune deficiency. Although CMV transmitted to 
normal children either at birth or from their siblings is usually a benign or asymp- 
tomatic disease (8, 9), for the immune compromised child, dissemination and death 
may ensue. The relative infrequency of CMV disease in agammaglobulinemia sug- 
gests that cellular immunity or combined deficiency is of greater importance than 
humoral deficiency alone. 


INFECTION IN NEOPLASIA 


Leukemic children have antibody to CMV at a frequency similar to normal children 
of the same age. It has been shown that 7-25% of children with leukemia shed CMV 
(5, 10, 11). The higher frequency is noted when children are cultured repeatedly (5). 
Since most leukemic children who shed CMV are seropositive when first seen, and 
the first specimen obtained yields virus, most virus shedding is due to reactivation 
of latent infection acquired earlier in life. The explanation for shedding among 
individuals whose initial serologic test is negative is either that the CF test is 
insensitive (6) or that primary infection is acquired from other leukemic children 
or from blood products. Since there is strong epidemiologic evidence that CMV is 
occasionally transmitted by blood transfusion (12), probably both explanations 
hold, but the questions will not be resolved until a prospective study is carried out 
using the FA technique. It is possible that the slightly increased incidence of rash, 
pneumonitis, and fever noted in one study in infected compared to uninfected 
patients was provided by the children who had developed primary infection (5). 

In adults, Duvall and co-workers recognized that CMV excretion in seropositive 
patients was very common in older individuals with solid tumor and lymphoprolifer- 
ative disorders and that shedding of virus could not be linked to any recognizable 
disease process (13), presumably because shedding was related to reactivation of 
latent infection. Because the patients in this study were older (1-4), the frequency 
of antibody was higher than in the childhood leukemia group, but still did not 
approach the frequency noted in renal-transplant recipients (6, 14-16). 

Although most adults with neoplasia and children with leukemia who shed virus 
are asymptomatic, some CMV infections result in generalized disease, usually diag- 
nosed at autopsy (5, 13, 17) in conjunction with other morphologically defined 
infections. Most of these patients have relatively far-advanced neoplasia. The co- 
occurrence of CMV with other infectious agents at autopsy suggests that endoge- 
nous agents become disseminated because of a final deterioration in host defense 
rather than that primary infection occurs with multiple agents simultaneously. An 


CMV IN THE COMPROMISED HOST(S) 105 


intriguing but unproven alternative that would explain why CMV infection is super- 
imposed so often on another morphologically obvious infectious disease is that in 
the severely ill patient, CMV produces further immunosuppression and allows 
emergence of the additional opportunistic organism, a phenomenon noted in other 
experimental viral infections in animals (18). 


INFECTION IN. RHEUMATIC DISEASE 


It has now been clearly shown that intervention with cytotoxic drugs in patients 
with rheumatic disease may lead to CMV shedding (19). However, neither steroids 
alone nor the presence of a disease sufficiently severe to warrant intervention with 
steroids or cytotoxic drugs is sufficient to produce virus shedding by itself. Further- 
more, not all patients who have antibody and who receive cytotoxic drugs shed 
virus; as has been noted in patients with neoplasia, those patients who shed virus 
are asymptomatic. 


INFECTION IN PATIENTS UNDERGOING 
TRANSPLANTATION 


The group of compromised hosts in which CMV has gained most attention is that 
of the recipients of transplanted organs. Infection has been recognized in recipients 
of cardiac (20), hepatic (21), bone-marrow (22), and renal allografts (6, 14~16, 
23-25). In the former two instances, no systematic studies have been carried out to 
determine the frequency of infection and to determine whether virus shedding 
occurs only in pre-transplant seropositive patients. Many patients who die have 
morphologic. evidence of CMV infection as well as evidence of infections with other 
agents. Deaths related to CMV infection appear to occur frequently in hepatic- and 
cardiac-transplant patients, which may be related to the higher dose of cytotoxic 
agents administered compared to other patients receiving cytotoxic drugs. Instead 
of simply shedding CMV, as do patients with neoplasia (13) or rheumatic disease 
(19), cardiac and hepatic patients develop dissemination of CMV. 

The incidence of CMV infection in bone-marrow recipients may be higher than 
in leukemic children or in normal children. However, the bone-marrow recipients 
reported have had a frequency of latent infection prior to transplantation that was 
higher than in the studies of leukemic children. In bone-marrow transplants, the 
major thesis raised by Meyers and co-workers (22) is that CMV is etiologic in 
patients with interstitial pneumonia. Furthermore, it is implied that transmission of 
virus at transplantation may play a role, since patients with pneumonia received 
marrow from a seropositive donor more often than patients without pneumonia, 
although the authors only reported these observations in 22 of 85 transplanted 
patients. The data presented do not permit -the conclusion as to whether primary 
infection occurred among allograft recipients. It should be noted, however, that 
pneumonia did occur in many patients with antibody prior to transplantation (22). 

In renal-transplant recipients, a group that has been extensively studied, CMV has 
been demonstrated in 60-85% of recipients (6, 14—16, 23-25). This is the highest 
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incidence of CMV infection in any group of compromised hosts. Since a number of 
shedders are. asymptomatic, Craighead and co-workers were unable to define a 
typical clinical syndrome associated with infection (14). However, a number of other 
studies have reported fever, leukopenia, mononucleosis-like illness, pneumonia, and 
hepatitis due to CMV (15, 16, 23-26). Until recently the discrepancies in the 
observations were unresolved. Recently the answer to several of these questions was 
demonstrated simultaneously by two laboratories (6, 25). Infection results from 
reactivation of latent infection, or CMV is transmitted with the transplanted kidney. 
Seronegative individuals who receive a kidney from a seropositive donor undergo 
seroconversion and shed virus. When the FA test is used to designate serologic 
status, most but not all seronegative recipients who receive a kidney from a seroposi- 
tive donor become infected, whereas seronegative recipients who receive a kidney 
from a seronegative donor do not develop infection after transplantation (6). Iliness 
develops in approximately 90% of the individuals who acquire a primary infection 
with the transplanted kidney in the early months following transplantation. Symp- 
toms may include fever, SGOT elevation, and pneumonia, and occur coincident- 
ally with the immune response development (26) (see Figure 1). During that same 
period, illness is infrequent in patients who had antibody prior to transplantation 
in spite of the fact that most shed virus following surgery (6, 25, 26). Presumably, 
they are reactivating latent infection. Patients who have no CMV infection after 
transplantation are generally asymptomatic unless bacterial infection develops. 

Thus these observations explain why the incidence of infection in transplant 
recipients is higher than in other compromised hosts. Not only does reactivation 
occur in the group of patients who have acquired infection throughout their life, but 
it occurs in approximately half of the patients who-at the time of transplantation 
were free of CMV infection. Since kidneys transplanted from random donors would 
be derived half the time from seropositive individuals, seronegative recipients have 
a 50% chance of developing primary infection. Overall, one would predict a 75% 
incidence of virus shedding following transplantation, an incidence that has, in fact, 
been shown in several studies. Closer analysis has revealed that children who 
receive kidneys from their parents have a much higher incidence of primary infec- 
tion than do recipients of cadaver or sibling kidneys. This is due to the higher 
frequency of latent infection in the older parent and low frequency in the young 
child, providing the ideal pairing for transmission of primary infection. Cadaver 
recipients have a low incidence of primary infection, since their donors are usually 
younger than they are and have a relatively low incidence of Jatent infection. Sibling 
pairs are. of nearly identical age, and have similar environmental exposures and 
similar antibody titers. 

Finally, two interesting observations have been made in allograft recipients. In 
marrow recipients, graft-versus-host reaction occurs more frequently in patients 
with pneumonitis than in those without it (22). Since CMV has been implicated in 
pneumonitis, this would raise the question of the role of the virus in that reaction. 
In renal transplants, rejection has been associated with the development of CMV 
infection (16, 24, 26). Although it is possible that symptoms of rejection cause the 
physician to alter the immunosuppressive program and hence unmask the virus 
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Figure 1 Development of fever ma and SGOT riser—Jin relation to conversion from negative 
(-) to positive (+) antibody to CMV in eleven-patients with primary CMV infection. 


infection, the bulk of the evidence does not support that possibility. Rejection and 
infection occur before any major change in immunosuppression in many instances. 
A possible explanation for these observations is that viral infection is producing a 
change in the.surface antigens, perhaps interacting with the HL-A antigens. This 
leads, in the case of bone-marrow transplants, to a more fulminant rejection of the 
host by the graft, or, in the case of the renal transplant, to a more fulminant rejection 
of the kidney. Although no data pertinent to this question are available in man, 
Schrader and co-workers have proposed that the H-2 locus in animals may serve 
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to incorporate foreign antigens into its structure and provide a site for attack and 
elimination by cytotoxic lymphocytes (27). Although the relationship of graft- 
versus-host or renal rejection in CMV infection remains speculative, it provides an 
important subject for future investigation. 


FACTORS CONTRIBUTING TO VIRUS SHEDDING 


An important area of host-virus interaction that remains entirely unclear relates to 
the factor(s) that lead to reactivation of virus and then to persistence of shedding 
once reactivation has occurred. At the present time there is only indirect evidence 
to suggest that CMV reactivation occurs spontaneously in man. The presence of 
virus in cervical secretions of normal women supports a concept of reactivation, but 
since cervical shedding is high in young women and low in older women, virus 
shedding may represent continued excretion following a primary infection (8). Quite 
clearly, however, reactivation follows the use of cytotoxic agents and steroids in 
patients, and alkylating agents appear to be more important than steroids (19). 
Shedding, once it develops, often persists for months or even years. By contrast, 
reactivation of herpes simplex shedding is of short duration. Typically, the renal- 
transplant recipient or the child with leukemia sheds herpes simplex in oral secre- 
tions shortly after transplantation or treatment. Herpes will then disappear, and 
CMV will appear and then persist for months without the reappearance of herpes 
simplex. On the other hand, in normal subjects with antibody to herpes and CMV, 
herpes simplex shedding, but not CMV shedding, occurs intermittently (28). One 
explanation for this difference might relate to the fact that cellular mechanisms by 
themselves are responsible for control of CMV, and antibody plays no role in 
protection but acts only as a marker of infection. In contrast, both cellular and 
humoral immunity appear to contribute to control of herpes simplex infection. Since 
one leg of the system remains’ intact in the individual placed on cytotoxic agents, 
herpes simplex virus shedding is only intermittent, whereas CMV shedding is pro- 
longed. Further study of this interesting contrast could provide important informa- 
tion concerning host response to viral infection. 


CONCLUSIONS 


Cytomegalovirus infection in compromised hosts occurs most frequently as asymp- 
tomatic shedding of a reactivated virus. Reactivation occurs when cellular immunity 
is compromised owing to either immune-deficiency disease or iatrogenic interven- 
tion. When intervention is modest, most antibody-positive patients do not shed virus 
(19); when the group is treated with a higher mean dose of cytotoxic agents, almost 
all antibody-positive patients shed virus (6). In the instance where the chemo- 
therapeutic program includes massive doses of these agents, as in heart or marrow 
transplantation, or when dysfunction of all cellular activity is extreme, as in the case 
of severe combined immune deficiency and far-advanced neoplasia, dissemination 
of infection with multiple-organ involvement ensues (17, 20-22). 
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Primary infection may occur in some patients with neoplasia or in marrow- 
. transplant recipients from either blood transfusions or from marrow, although data 
are insufficient to be certain (22). It has been conclusively shown, however, that 
seronegative renal-allograft recipients usually develop primary infection when they 
acquire a kidney from a seropositive donor. Clinical illness related to virus infection 
in the first few months after transplantation occurs in almost all patients with 
primary infection and seldom in those with reactivation infection (6, 25, 26). Three 
very intriguing observations have been made that should suggest avenues for future 
research: (a) Since illness occurs more closely related to development of antibody 
than it does to onset of virus shedding, this suggests that host response plays an 
important role in the disease that is obviously caused by a virus; a definition of the 
mechanism of this interaction could lead to an understanding of host-induced 
disease processes in man; (b) Graft-versus-host disease in marrow transplantation; 
and (c) allograft rejection in renal-graft recipients correlate with development of 
CMV infection (16, 22, 24, 26). Taken together, these observations are consistent 
with the hypothesis that virus antigens interrelate with most antigens in such a way 
as to lead to immune response to both antigens. Exploration of this clinical observa- 
tion could lead to a greater understanding of the function of the HL-A system in 
man. 
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Hyperparathyroidism is a disorder of excessive secretion of parathyroid hormone 
(PTH) by one or more glands that have undergone abnormal cellular proliferation, 

„either as a primary event or in response to other physiologic abnormalities. We 
discuss the application of both long-established and recently developed methods to 
the diagnosis of hyperparathyroidism, and pay particular attention to the primary 
disorder. - 


CLINICAL PRESENTATION 


The increasing use of multichannel automated testing, including determination of 
the serum calcium, the elevation of which is the hallmark of primary hyperpara- 
thyroidism, has resulted in the screening of a large portion of the population. It is 
now recognized that primary hyperparathyroidism is more common than was for- 
merly appreciated. It is currently estimated that the prevalence of the disease is 
approximately one case per thousand population (1). As cases are discovered earlier 
in their course, the typical clinical presentation has become more subtle, and obvious 
osseous and renal disease are now seen in a minority of cases. The shifting spectrum 
of the clinical presentation of primary hyperparathyroidism is illustrated by a 
comparison of the findings in two series, one representing a long experience with 
the disease prior to.1966 (2) and the other, the recent experience of the authors 
(Table 1). 

Special consideration must be given to the diagnosis of hyperparathyroidism in 
the context of several disorders with which it is often associated. Nephrolithiasis is 
commonly associated with hyperparathyroidism. In the authors’ recent experience, 
parathyroid disease is found in 18% of patients with renal stones and these patients 
constitute 28% of patients with hyperparathyroidism (Table 1.) The severe bone 
disease of hyperparathyroidism occurs mainly in post-menopausal women (3), and 
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Table 1 Clinical presentation of patients with primary hyperparathyroidism (Percentage 
of total cases) 

















Presenting feature Cope (n = 342) Authors? (n = 75) 
Overt bone disease 23 13 
Nephrolithiasis 57 28 
Peptic ulcer 8 8 
Asymptomatic 1 20 
Hypertension 2 47 
Other 9 — 





2In the authors’ series, some patients had more than one presenting complaint. Many 
of our cases were discovered by screening a clinic population in which hypertension is 
the most common diagnosis. If hypertension is considered to be largely unrelated to 
hyperparathyroidism, a somewhat larger number of our patients should be regarded as 
asymptomatic. . 


should be considered in the evaluation of osteoporosis. Dyspepsia and peptic-ulcer 
disease may result from hypercalcemia. Hyperparathyroidism is an important fea- 
ture of the syndromes of multiple endocrine neoplasia (MEN), particularly type I, 
in which it is associated with other endocrine adenomas, including the Zollinger- 
Ellison syndrome. 


PATHOPHYSIOLOGY 


The term primary hyperparathyroidism is used to denote exaggerated parathyroid 
function that appears to arise independently of any physiologic stimulus. This may 
be due to an adenoma (or possibly adenomas in cases of multiple endocrine 
adenomatosis), to hyperplasia or, uncommonly, to carcinoma. Although it is not 
clear why generalized hyperplasia should occur as a primary abnormality, in many 
series the diagnosis of primary hyperplasia has been made in approximately 10-20% 
of cases (4, 5). Interestingly, in a recent study biopsies were taken from every 
parathyroid gland identified, and microscopic evidence of hyperplasia was found in 
about one half of cases (6). ` 

The states in which parathyroid hyperfunction occurs in response to hypocal- 
cemic influences are termed secondary hyperparathyroidism. In certain forms of 
rickets and osteomalacia, secondary hyperparathyroidism plays a major role (7). 
The most important cause of secondary hyperparathyroidism is renal failure, in 
which PTH secretion is stimulated by effects of hyperphosphatemia and the de- 
creased intestinal absorption of calcium (Ca) associated with impaired renal hy- 
droxylation of vitamin D (8). Renal hypercalciuria also stimulates secretion of PTH 
(9). An important feature in some cases of secondary hyperparathyroidism is the 
development of autonomy (sometimes called “tertiary hyperparathyroidism”), in 
which hypersecretion of PTH is-out of proportion to the stimulus or persists long 


DIAGNOSIS OF HYPERPARATHYROIDISM 113 


after the removal of the stimulus. The usual setting for this problem is renal failure, 
in which PTH secretion may become sufficient to produce hypercalcemia. This is 
most often manifested after transplantation. 

In MEN type II, the medullary thyroid carcinoma/pheochromocytoma syn- 
drome, the hyperparathyroidism may represent a hyperplastic response to the hypo- 
calcemic effects of calcitonin. 

Among the causes of hypercalcemia in patients with various malignancies is the 
elaboration by the tumor of PTH or substances with similar biologic effects. Such 
PTH-like substances may be associated with relatively low circulating levels of 
immunoreactive PTH (iPTH) (10), suggesting that in some instances there are 
significant structural differences between the native hormone and that produced by 
the tumor. The possibility of such a malignancy should be considered in patients 
with biochemical findings compatible with hyperparathyroidism. 


DIAGNOSTIC TESTS 


The physiologic abnormalities produced by the presence of excessive amounts of 
PTH are directly reflected by several abnormal serum chemical determinations, 
which are widely available and are often included in multichannel screening panels. 
Of these, by far the most important is the serum calcium. Keating (11) emphasized 
that abnormalities of the serum calcium concentration usually imply disturbed 
parathyroid function. He demonstrated that when careful attention was paid to the 
serum calcium level, an elevated mean value constituted a generally reliable indica- 
tion of hyperparathyroidism, if other etiologies were excluded (specifically, malig- 
nant disease, sarcoidosis, hyperthyroidism, hypervitaminosis D, milk-alkalai 
syndrome, Paget’s disease of bone with immobilization, and acute osteoporosis of 
disuse). It should be recognized that normal serum Ca levels decrease with age, 
especially in men (12). Another effect of PTH is the reduction of the serum P level, 
largely by enhancement of urinary excretion, but in many patients this effect is not 
sufficient to produce overt hypophosphatemia. PTH increases renal bicarbonate 
excretion and tends to produce a hyperchloremic acidosis, which is usually mild. 
Some authors have attempted to magnify the diagnostic utility of the hyper- 
chloremic and hypophosphatemic effects of PTH by employing the chloride (Cl)-to- 
phosphorus (P) ratio as a diagnostic parameter (13-15). However, in most of the 
cases examined the diagnoses were reasonably clear-cut on other grounds, so the 
utility of the Cl:P ratio in ambiguous cases is still unclear. In our experience there 
is an appreciable overlap between the Cl:P ratios of patients with hyperparathyroi- 
dism and normal controls. Measurements of the phosphaturic effects of PTH, 
expressed in terms of tubular reabsorption of phosphorus or as renal clearance of 
phosphorus, have also been employed in the diagnosis of hyperparathyroidism. 
However, the results of these tests are often not conclusive, since variations in P 
intake, serum P levels, and renal function limit the reliability of these studies (16). 

Recent contributions to the diagnostic armamentarium include the determina- 
tions of urinary cyclic adenosine monophosphate (cAMP), and of serum iPTH. The 
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renal effects of PTH are significantly reflected by the urinary cAMP (17, 18). This 
determination is usually made on a specimen of urine collected over a 24-hr period, 
and thus provides a value that is in effect integrated over time. A recent report 
indicates that specific determination of nephrogenous cAMP enhances the diagnos- 
tic power of the urinary cAMP determination (19). There are several factors that 
may limit the significance of the urinary cAMP. Increased levels may be found in 
diabetes mellitus, thyrotoxicosis, acromegaly, states of increased antidiuretic hor- 
mone activity, and conditions marked by adrenergic excess. Drugs that impair renal 
tubular reabsorption of Ca also increase cAMP excretion. Depressed urinary cAMP 
levels are often seen in patients with renal insufficiency even in the face of hyperpara- 
thyroidism. Conditions of diet and drug intake should be carefully controlled in the 
evaluation of patients by means of urinary cAMP. The main virtues of the cAMP 
determination are the relative simplicity and reliability of the assay techniques. 

The determination of the serum iPTH level potentially provides the most direct 
measure of parathyroid function. However, several problems have limited the avail- 
ability and reliability of this measurement. Although structurally distinct from 
human PTH, bovine PTH is generally used as the tracer in radioimmunoassays; 
consequently, the systems are heterologous. Intact hormone and various fragments 
of PTH from several species have been used as antigens to develop antisera in several 
animal species. These antisera vary widely as to sensitivity and specificity. Antisera 
to the longer-lived C-terminal fragments may give information of a relatively time- 
integrated character, while N-terminal systems are more sensitive to fluctuations in 
secretory rates (20). For these reasons, normal values must be established in each 
laboratory. Interpretation of iPTH levels also requires consideration of the serum 
calcium level; it is important to recognize that iPTH levels that might be considered 
normal in a normocalcemic patient may be inappropriately high in a patient with 
hypercalcemia (20). With most assay techniques, detectable levels of iPTH, in the 
presence of hypercalcemia, suggest hyperparathyroidism. For this reason it is im- 
portant that the assay system used be sensitive enough to measure iPTH in the sera 
of a fair proportion of normal subjects. Otherwise, iPTH may be unmeasurable in 
a significant number of patients with hyperparathyroidism. Elevation of the iPTH 
level in normocaicemic patients does not establish the diagnosis of primary hyper- 
parathyroidism, as elevated levels are found in secondary hyperparathyroidism. 

Standard roentgenologic evaluation may be of some diagnostic value, and is of 
use in assessment of the severity and duration of the disease. The characteristic 
signs, especially subperiosteal bone resorption, are often seen in advanced cases, but 
are only seen with special techniques in most patients. Angiographic techniques may 
be combined with the radioimmunoassay determination of PTH levels in specimens 
obtained by selective catheterization of neck veins in order to localize parathyroid 
tumors (21). Such an approach is technically very demanding and, if undertaken 
sporadically, may fail to provide helpful information. 

Bone densitometry by special roentgenographic methods or by !?5I-photon ab- 
sorption is a useful tool in assessing the degree of loss of bone mineral. Among 
hyperparathyroid patients the most striking abnormalities are seen in post- 
menopausal white women (3). 
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Increasingly attentive and detailed observations of asymptomatic patients with pri- 
mary hyperparathyroidism have revealed that many of them have slightly impaired 
renal function or significant physiologic derangements, such as negative Ca balance, 
hypercalciuria, low bone density, or intestinal hyperabsorption of Ca, which are 
corrected by parathyroidectomy (22). We suspect that without intervention, many, 
if not all, such patients would undergo progression of their disease. A small number 
of patients have no symptoms or discernible physiologic abnormalities beyond mild 
hypercalcemia. Longitudinal study of a group of such patients over several years will 
be necessary in order to characterize the course of their disease. Except for these 
individuals and those with major contraindications, it is our practice to recommend 
parathyroidectomy. It is essential that regular comphrehensive reevaluation be 
carried out for cases in which operation is withheld. 

Histopathological evaluation of diseased parathyroid tissue is often problemati- 
cal. The classical division between adenoma and hyperplasia is no longer a simple 
one, and the diagnosis that seems most consistent with the microscopical findings 
may not fit the clinical circumstances very well. The clinical setting, particularly the 
family history, may be crucial to the correct diagnosis, as may the observations of 
the experienced surgeon. The problem of the “tissue diagnosis” is reviewed else- 
where (6, 23-25). We find that the operational terms “single-gland involvement” 
and “multiple-gland involvement” as used by Paloyan & Lawrence (23) are quite 
useful. 


INTRAOPERATIVE EVALUATION 


Intraoperative evaluation is directed toward discrimination between single-gland 
and multiple-gland disease. The latter category includes patients with multiple 
endocrine neoplasia, familial hyperparathyroidism, and renal insufficiency, as well 
as those patients in whom multiglandular disease is diagnosed intraoperatively. This 
distinction is significant because it determines the choice between resection of a 
single gland and subtotal resection of the mass of parathyroid tissue (leaving approx- 
imately 50 mg). It is our practice to perform the latter operation whenever there 
appears to be actual or potential multiglandular disease. 

Because of the limitations of histopathological evaluation, especially by frozen 
section, the assessment of the parathyroid glands depends in a major way upon the 
surgeon’s gross evaluation. All glands should, if possible, be identified and evaluated 
prior to any resection. Abnormalities of appearance and consistency may be helpful 
to the experienced parathyroid surgeon, but excessive glandular size probably pro- 
vides the most reliable indication of pathology. Since their weight cannot be deter- 
mined in situ, the glands must be measured prior to resection. A gland larger than 
6 mm in its greatest dimension usually weighs more than 50 mg and should therefore 
be considered abnormal. All resected tissue should be weighed. If two or more 
glands are enlarged, we consider the disease to be multiglandular. 
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The finding of a dense, tough, adherent parathyroid gland suggests the diagnosis 
of carcinoma, which cannot always be confirmed histologically if such findings as 
invasion are not seen. 


SUMMARY 


States of hypersecretion of PTH may occur primarily, or in response to other 
physiologic abnormalities. Primary hyperparathyroidism must be considered in the 
differential diagnosis of hypercalcemia, nephrolithiasis, metabolic bone disease, and 
pancreatitis and peptic-ulcer disease. The clinical manifestations of this disease have 
become more subtle with improved detection. The serum calcium level is almost 
always elevated, and when it is accompanied by relatively high serum PTH levels 
or increased urinary cAMP excretion, the diagnosis is usually secure. Findings of 
hypophosphatemia, decreased renal tubular reabsorption of phosphorus, hypercalci- 
uria, and characteristic roentgenographic changes support the diagnosis of hyper- 
parathyroidism, but are not prerequisites for that diagnosis. Most cases will come 
to operation, and experienced intraoperative assessment is necessary for the correct 
distinction between multiglandular disease and that involving only a single gland. 
We expect that a clearer understanding of the histopathologic features of these 
diseases, and improvement in the methods for measurement of PTH will be the main 
areas of advancement in the diagnosis of hyperparathyroidism in the next few, years. 
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INTRODUCTION 


Recent advances in our understanding of the glucagon-secreting pancreatic a cell 
as a vital component of the functional machinery of the primary fuel-regulating 
organ, the islets of Langerhans, have made possible new insights into its physiology 
and pathophysiology. It has recently been proposed that glucagon, or closely related 
polypeptides with biologic actions similar to those of glucagon, plays an essential 
role in the development of the full diabetic syndrome, specifically, endogenous 
hyperglycemia (1, 2) and hyperketonemia (2, 3). If this is true, a safe and practical 
means of glucagon suppression might have therapeutic potential in improving the 
currently unsatisfactory methods of controlling diabetic hyperglycemia. The pur- 
pose of this review is to consider briefly the evidence that assigns to glucagon a vital 
role in the maintenance of euglycemia in nondiabetics and a deleterious role in 
certain of the metabolic abnormalities of diabetes mellitus. 


NORMAL STRUCTURE AND FUNCTION OF THE 
GLUCAGON-SECRETING a CELLS OF THE ISLETS 
OF LANGERHANS 


To comprehend fully the character of the disturbance of a-cell function in diabetes, 
one must understand its normal physiological role as a part of an organ that 
manages fuel distribution, the islets of Langerhans. The complex task of directing 
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the flow of important nutrients to the different tissues in accordance with their 
varying needs for and the availabilities of the nutrients is accomplished with remark- 
able facility. An organ of fuel distribution must be able (a) to sense the availability 
of fuels and the needs of the various tissues, and (b) to respond bidirectionally either 
to promote the storage of fuels in abundance or to promote the retrieval of fuels 
when they are needed. As depicted in Figure 1, this is accomplished by varying the 
relative amounts of two biologically antagonistic secretory products of the islets of 
Langerhans: insulin, the hormone of fuel storage, and glucagon, the hormone of fuel 
retrieval. Thus the normally functioning alpha-beta—cell couple, in time of abun- 
dance of exogenous fuels, releases into the circulation a secretion mixture high in 
insulin relative to glucagon; this promotes the biosynthesis of glycogen, fat, and 
protein. Conversely, in time of need for endogenous fuel production, the normal 
islets produce a mixture rich in glucagon relative to insulin; this favors an increase 
in hepatic glucose production from glycogen and from gluconeogenic precursors 
and increased production of free fatty acids, glycerol, and ketones. 

As Cahill has emphasized (4), the regulation of glucose flux in normal mammals 
differs to a striking degree from that of other fuels. Whereas the concentration of 
most fuels changes markedly during a change in their flux rate, in the case of glucose, 
flux rates may change drastically, but its extracellular concentration remains within 
the relatively narrow range that is regarded clinically as “normal.” The purpose of 
avoiding hypoglycemia seems obvious—glucose, an obligatory fuel for the brain, 
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Figure I By secreting a high-insulin-low-glucagon mixture in time of nutrient abundance, 
the a-cell-B-cell unit promotes anabolic processes such as glycogenesis, lipogenesis, and 
protein biosynthesis. During need for endogenous fuel production, as in famine and fight and 
flight situations, a low-insulin—high-glucagon secretion mixture promotes retrieval of fuels 
from the macromolecules by catabolic processes such as glycogenolysis, gluconeogenesis, and 
lipolysis. Reprinted from Diabetes (5). 
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must be maintained above a certain critica] level if the central nervous system is to 
function properly. However, the purpose of avoiding hyperglycemia is less apparent, 
but could be related to the possible role of hyperglycemia in the pathogenesis of 
diabetic microangiopathy. Whatever the reasons, regulation of glucose homeostasis 
in this manner requires a push-pull system that can control independently the rates 
of glucose flux into and out of the extracellular space, as depicted in Figure 2A (5). 
Glucagon, through its effects on hepatic glucose production, controls endogenous 
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Figure2 Models for the bihormonal control of extracellular fluid (ECF) glucose concentra- 

tion by the normal islet (A) and the diabetic islet (B): . 

A. The glucose-sensing capacity of the normal islet maintains an insulin-glucagon mixture 
designed to restrict the range of extracellular-fluid glucose concentration irrespective of 
glucose flux rates. An increase in glucose influx is instantly met by an increase in insulin- 
induced glucose efflux so as to restore normoglycemia. Similarly, an increase in glucose 
efflux, resulting from exercise or protein ingestion, is met by a glucagon-mediated increase 
in glucose influx so as to prevent hypoglycemia. 

B. The islet of Langerhans, in severe diabetes, has lost its glucose-sensing capacity and/or its 
ability to respond to glycemic change. Increases in glucose influx, whether from the diet 
or via glucagon-mediated enhancement of hepatic glucose production, cannot be matched 
by insulin-mediated increments in glucose efflux. 
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glucose influx and insulin controls -glucose efflux into insulin-responsive tissues, 
liver, muscle, and fat. By varying the insulin-glucagon secretion mixture, the islets 
can maintain constant equality of glucose influx and efflux and thereby limit change 
in extracellular glucose concentration—even though glucose turnover may be 
changing widely. For example, during a high-glucose meal, 50 g of glucose may pour 
into the extracellular space within an hour, but glucose concentration will rise only 
transiently because an outpouring of insulin rapidly raises the rate of glucose efflux 
above that of glucose influx. When the glucose concentration is restored to basal 
levels, equality of influx and efflux is reestablished promptly. Similarly, when glucose 
efflux is increased, as during exercise or as the result of aminogenic insulin secretion 
from a protein meal, an appropriate outpouring of glucagon augments hepatic 
glucose production and prevents hypoglycemia. This changing of the insulin-gluca- 
gon mixture so as to maintain a balance of glucose production and glucose utiliza- 
tion must require a coordinated relationship of the glucagon-producing a cells and 
the insulin-secreting 8 cells under the guidance of a perceptive glucose sensor. This 
sensor must respond not only to change in glucose concentration, but must vary 
secretion responses to other nonglucose influences in accordance with glucose needs 
(i.e. the insulin and glucagon response to a protein meal is entirely different follow- 
ing a period of carbohydrate restriction than during a period of carbohydrate 
abundance) (6). 

The anatomical equipment required to accomplish this functional feat is con- 
tained in microorgans scattered throughout the pancreas, the islets of Langerhans. 
Although the organization of the various cell types differs from species to species, 
in man the characteristic arrangement depicted in Figure 3a is well established (7, 
8). ‘It consists of an outer mantle of glucagon-containing a cells surrounding a 
homogeneous central mass of insulin-containing £ cells comprising more than 60% 
of the islet cells. Intervening between the thin a-cell rim and the B-cell core are the 
D cells, recently identified (9-11) as the cells that contain the somatostatin or 
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Figure 3 (a) The arrangement of the three major islet cell types in normal man. (6) The 
arrangement of islet cell types in juvenile-type diabetes. l 
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somatostatin-like immunoreactivity of the islets (12-14). These cells make up ap- 
proximately 10% of the total islet cell population. It should be noted that whereas 
the majority of 8 cells have contact only with other £ cells, virtually all the a and 
D cells enjoy contact with at least one other cell type. This fact may be extremely 
important because each of the secretory products of these three cell types can 
influence the secretion of at least one of the two other cell types (Table 1). For 
example, somatostatin can inhibit the release of both insulin (15, 16) and glucagon 
(16, 17), glucagon can stimulate directly the release of insulin (18), insulin can 
inhibit directly the release of glucagon (19), and glucagon may possibly stimulate 
somatostatin release (20). In this tricellular area, the possibility for direct cell-to-cell 
action is maximal, since secretion products released into the intercellular channels 
would have instant contact with the surface of an adjacent cell. Tight junctions 
forming a network of ever-changing lines of fusion between the outer leaflets of 
adjacent cell membranes compartmentalize the intercellular space (Figure 4) and 
seem capable of enclosing secretory products (21). Local hormone-cell interactions 
could thereby be influenced by the creation of zones into which hormones can be 
preferentially sequestered, or from which they can be excluded. It should also be 
noted that the tricellular area receives the afferent nerves and blood vessels of the 
islets (22), and would consequently be the first region of the islets to receive signals 
incoming via these two routes. Finally, gap junctions, low-resistant pathways 
through which low—molecular weight substances may move from one cell to another 
cell without entering the extracellular space, and first reported to exist between like 
islet cells, i.e. 8 cells and £ cells (21), have now been clearly established between 
a and B cells (23) and D and £ cells; it is therefore highly likely that all of the 
various types of islet cells have intercellular communications with one another via 
gap junctions. In the functional sense, then, the entire islet, including the tricellular 
region, may be a syncytium. This may explain the precise coordination of glucagon 
and insulin secretion believed necessary for appropriate control of glucose homeo- 
stasis. 


Table 1 Actions of islet=cell, secretory products upon secretion by other islet cells 











8 Cell a Cell D Cell 
Insulin — 4 ? 
Glucagon t — t 
Somatostatin 4 4 — 





ROLE OF THE GLUCAGON-SECRETING a CELLS 
IN DIABETES 


The pathophysiologic model for diabetes mellitus, depicted in Figure 2B (21), 
ascribes the glucose underutilization of this disorder to insulin lack. (Although 
insulin lack also increases hepatic glucose production, it is believed that the in- 
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intercellula 





Figure 4 Thin-section electron photomicrograph showning points of focal contact between 
adjacent islet cells that seem to canalize the intercellular space. 


creased glucose influx attributable to insulin lack per se is insufficient to cause the 
marked endogenous hyperglycemia that characterizes severe insulin deficiency and 
that, without glucagon, would result in endogenous hyperglycemia of only 150-170 
mg/ml). Severe endogenous hyperglycemia, as encountered in uncontrolled diabetes 
and its marked hyperketonemia (3) requires both insulin lack and the presence of 
glucagon (or of substances closely resembling glucagon in their biologic actions on 
the liver). The essential role of glucagon in the pathogenesis of these two abnormali- 
ties (1) is supported by studies showing that somatostatin-induced blockade of 
pancreatic and/or extrapancreatic glucagon secretion can reduce hyperglycemia in 
insulin-deficient alloxan-diabetic dogs (24) or prevent its occurrence when insulin 
is discontinued in totally depancreatized dogs (25). Gerich and co-workers have 
demonstrated in juvenile diabetics that glucagon suppression by somatostatin blocks 
the severe endogenous hyperglycemia and the rise in 8-hydroxybutyrate that other- 
wise occurs when insulin infusion is suddenly stopped and glucagon permitted to 
rise (2); replacement infusions of glucagon given together with the somatostatin 
restore the endogenous hyperglycemia and 6-hydroxybutyrate levels to control val- 
ues (26). In the diabetes of totally depancreatized humans, although aglucagonemia 
has been recorded by a radioimmunoassay employing immunoabsorbed plasma in 
its standard curves (27), conventional assay techniques reveal measurable im- 
munoreactive glucagon (IRG) in the plasma of such patients (28), evidence that 
potentially bioactive IRG is present in the plasma of diabetics of all types. As shown 
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in Table 2, whenever glucagon rises, as during an arginine infusion or a mixed meal, 
there is an increase in hyperglycemia, and whenever the rise in glucagon is blocked, 
either by arginine or insulin, no rise in glycemia occurs—in fact, when glucagon is 
reduced, glycemia declines (29). These findings, plus the fact that glucagon is 
increased relative to insulin levels in all known forms of endogenous hyperglycemia, 
ranging from stress hyperglycemia to experimental diabetes (5), provide support for 
the notion that glucagon is essential for the marked hepatic overproduction of 
glucose that characterizes the insulin-deficient state. 

The abnormality in a-cell function that results in relative or absolute hyper- 
glucagonemia clearly involves a loss of its glucose-sensing ability. Whereas hyper- 
glycemia normally reduces plasma IRG and hypoglycemia increases it (30), in 
diabetics, a rise in glycemia, if unaccompanied by an increase in insulin, fails to 
lower plasma IRG (32) and will frequently cause a paradoxical increase (31), while 
hypoglycemia fails to elicit an increase in plasma IRG (32). Thus the main func- 
tional role of the a cell, that of preventing hypoglycemia, appears to have been 
relinquished in the juvenile diabetic patient and, ironically, inappropriately high 
levels of glucagon are present after meals—despite hyperglycemia, which in nondia- 
betics suppresses the glucagon response to protein ingestion (33). 

A second. identifiable functional abnormality of the a cell of the diabetic is 
hyperresponsiveness to aminogenic stimulation, manifested as an exaggerated rise 
in IRG during the infusion of arginine (34) or by a rise in response to a protein meal 
despite levels of hyperglycemia that in the nondiabetic would completely block a rise 
(33). It is not clear whether this response to aminogenic stimulation during hyper- 
glycemia is another manifestation of loss of normal glucose-sensing ability or if it 
is a separate functional lesion. In juvenile diabetics (35, 36), but not in adult 
diabetics (36), high doses of insulin can reduce it to normal. 

Around-the-clock observation of normal subjects reveals that postprandial IRG 
levels average 87 pg/ml, while in juvenile-type diabetics, even during optimal con- 


Table 2 Relationship of changes in glucagon and glucose in insulinized human diabetics 














A Glucagon 4 Glucose 
(pg/ml) mg/100 ml 
Juvenile Diabetics 
Arginine infusion [Unger et al (34)] t 325 t 80 
Arginine infusion [Barnes & Bloom (27)]} t 300 t 59 
Mixed meal plus insulin? t 58 t 84 
Mixed meal plus insulin plus somatostatin? + 55 + 50 
Totally Depancreatized Patients 
Arginine infusion [Barnes & Bloom (27)] 0 0 
Arginine infusion [Palmer et al (28)] t 61 ; t 48 





aGerich, J. E., Lorenzi, M., Karam, J. H., Schneider, V., Forsham, P. H. 1975. Ab- 
normal pancreatic glucagon secretion and postprandial hyperglycemia in diabetes mel- 
litus. J. Am. Med. Assoc. 234:159-65. 
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trol by aggressive insulin therapy, mean postprandial IRG levels average 118 pg/ml, 
significantly above the levels of normal patients—despite postprandial hyper- 
glycemia averaging 155 mg/100ml, a level that in normal subjects would prevent 
a rise in plasma IRG (33). 

Is the hectic IRG pattern, pictured in Figure 5, contributing to the irregular 
pattern of hyperglycemia, i.e. is this exogenous hyperglycemia, endogenous hyper- 
glycemia, or both? The most likely answer is both. At least in that patient during 
stringent carbohydrate restriction to 30 g/day, endogenous hyperglycemia, perhaps 
mediated by the burst of glucagon secretion, contributed to the hyperglycemia and 
glycosuria. The 270-g/day reduction in carbohydrate intake failed to improve either 
his hyperglycemia or his glycosuria, suggesting that an increase in endogenously 
derived glucose influx approximately equal to the reduction in exogenously derived 
glucose influx took place (Figure 5). 

However, when the plasma glucose of a diabetic can be normalized merely by 
reducing carbohydrate intake, one must assume that the contribution of endoge- 
nously derived glucose to the hyperglycemia is trivial compared to the contribution 
of dietary glucose. In mild adult-type diabetics who require no insulin and whose 
fasting plasma glucose levels are normal on dietary restriction alone, endogenous 
hyperglycemia can be assumed to be absent and therefore, in such patients glucagon 
is not contributing excessively to glucose influx; postprandial hyperglycemia is the 
result of reduced glucose utilization of ingested exogenous glucose secondary to 
inadequate insulin action. Indeed, there is accumulating evidence that in the milder 
hyperinsulinemic maturity-onset diabetic with hyperinsulinemia, glucagon levels, 

_although high relative to the glucose concentration, are sensitive to further increases 
in hyperglycemia, i.e. that glucose sensing by the a cell is not completely abolished 


(37). 
ETIOLOGY OF a-CELL MALFUNCTION 


What is the etiology of the loss of the glucose-sensing capacity of the a cell in 
juvenile diabetes? Although it remains to be proven, there is reason to believe that 
the glucose sensor of the a cell may be the £ cell. The evidence in favor of this 
follows below. Immunocytochemical studies of the islets of juvenile diabetics and 
streptozotocin-diabetic rat islets (8) reveal an absence of B cells, as schematized in 
Figure 3b. Instead, the islets consisted largely of glucagon-containing cells, somato- 
statin-containing D cells, and PP-containing cells. Instead of the narrow mantle 
of a cells of the nondiabetic islet, almost all of them in contact with 8 cells, in the 
juvenile diabetic islet the a cells of the juvenile diabetic are in contact largely with 
other a cells and have no contact with £ cells. a cells of the canine gastric fundus 
and of glucagonomas (38, 39), which lack contact with £ cells, also lack the capacity 
to respond to hyperglycemia, and in both instances their secretion is suppressed by 
an increase in insulin and stimulated by arginine. Severely diabetic a cells behave 
similarly: they, too, do not respond normally to glycemic change (33), are inhibited 
by insulin (40), and are stimulated by arginine (34). The insulin levels required to 
reduce the glucagon levels of juvenile diabetics to the normal range are above 
normal, a fact interpretable as evidence of a-cell insensitivity to insulin in diabetes 
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(40). However, equally valid is the view that insulin itself is the glucose-sensing 
signal, i.e. that insulin released in response to glycemic change from glucose-sensing 
B cells adjacent to the a cells makes instant contact with adjacent a cells and 
provides the signal for their suppression, as proposed by Weir (41). Rather than 
being insensitive to insulin, the a cells of the juvenile diabetic may in fact be 
exquisitely sensitive to insulin, responding to levels of insulin that, although phar- 
macologic in the systemic sense, fail to approach the insulin concentrations of the 
intercellular space separating a cells and cells. Alternatively, other signals passing 
between B cells and a cells, perhaps via gap junctions, might provide the signal. 


THERAPEUTIC IMPLICATIONS 


Whatever the signal, there is evidence that a fundamental defect of the a cell, i.e. 
loss of glucose-sensing capacity, is present in the juvenile diabetic patient and cannot 
be corrected, at least not to normal, by normalizing plasma insulin levels. Although 
pharmacological levels of plasma insulin can suppress plasma IRG levels into or 
near normal range of normoglycemic nondiabetics, these insulin levels are abnor- 
mally high and must cause abnormally high glucose uptake by insulin-sensitive 
tissues. Such increased efflux of glucose from the extracellular space during insulin- 
induced suppression of glucagon, together with insulin’s direct inhibiting effect on 
hepatic glucose production, must surely increase the risk of hypoglycemia. There- 
fore, in patients in whom endogenous glucose influx is clearly a contributing factor 
to the hyperglycemia, the use of a glucagon-suppressing agent that does not increase 
glucose utilization might be of value. A somatostatin-like agent might permit the 
administration of insulin in lower, more physiological doses designed only to main- 
tain normal glucose efflux rather than to suppress glucagon; by independent control 
of hyperglucagonemia, normoglycemia might be achieved at lower insulin doses and 
lower and more physiological rates of glucose efflux, with less danger of hypo- 
glycemia. This approach to the management of diabetic hyperglycemia will warrant 
careful scrutiny by those concerned with better management of diabetic hyper- 
glycemia. 
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INTRODUCTION 


Clues as to etiology have not been forthcoming for chronic lymphocytic leukemia 
(CLL), as they have for the myeloid leukemias; therefore in CLL, studies have 
concentrated on the pathomechanism of the disease. There is a wealth of new data 
that characterize the pathognomonic cells in CLL and aspects of their production 
and turnover. Analysis of this information clarifies the pathomechanism of the 
clinical picture and offers a pathophysiological basis for the assessment of various 
therapeutic approaches. 


CHARACTERISTICS OF THE PATHOGNOMONIC CELL IN CLL 
Structural and Metabolic Features 


For a long time it has been known that the lymphocytes in CLL are peculiar in being 
highly injury-prone, a phenomenon they manifest under the light microscope, where 
they appear as ‘smudge’ cells. Holt (1) attributed this sensitivity to an increased 
rigidity of the cell membrane. Under the electron microscope the preponderance of 
CLL cells strike one by their smooth nuclei and small mitochondria (2). Cytochemi- 
cally, the glycogen content is markedly increased (3) and the glycogen turnover 
diminished (4). The enzymes £-glucuronidase and acid phosphatase are present in 
diminished amounts, a reflection of lower numbers of lysosomes (5). A specific 
marker chromosome, such as is found in chronic myeloid leukemia (CML), is 
generally lacking, although chromosomal abnormalities have been found in cases of 
CLL when multiple members of a family were affected (6). DNA metabolism in 
CLL lymphocytes is abnormal; diminished levels of desoxyribonuclease (7) and 
qualitatively altered DNA polymerases are found (7). RNA metabolism shows more 
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significant deviations. Total RNA synthesis (8) and the RNA content of individual 
cells are increased (9), and nucleic-acid sequences not found in normal lymphocyte 
RNA are present (10). To date, evidence for RNA-instructed DNA polymerase 
(reverse transcriptase, revertase), like that in RNA tumor viruses, has been found 
in only a few cases of CLL (11). 


Functional Abnormalities of CLL Lymphocytes 


Our understanding of the dichotomy of the lymphatic system has come only in 
recent years. A brief presentation of this information follows, so that the subsequent 
details of alterations in CLL can be better appreciated. 


NORMAL THYMUS-DERIVED AND BURSA-DERIVED DIVISION OF THE LYM- 
PHATIC SYSTEM In the animal experiments of Sell and Gell it was first made 
clear that a portion of the lymphocytes carries immunoglobulin on its surface (12). 
Whereas in birds such lymphocytes are derived from the bursa fabricii (13) and were 
therefore decribed under the working name of B lymphocytes, in mammals they 
belong to a bone marrow-derived line (14). In healthy human beings, 22-36% of 
lymphocytes are found to have a cover of immunoglobulin on their cell surfaces by 
immunofluorescent staining or autoradiographic means (15). This suggests that 
every specific lymphoid population synthesizes and carries a heavy- and light-chain 
type that it secretes as antibody on stimulation with antigen and, in part, after 
morphological transformation to a plasma-cell population (14). B lymphocytes are 
further characterized by the presence of receptors for the Fc portion of aggregated 
IgG and by receptors for the activated third component of complement, which allow 
the binding of immunocomplement complexes (15). 

From animal experiments it seems that the remaining two.thirds of lymphocytes, 
which have no cell-surface immunoglobulin, are thymus-derived or at least acquire 
their mature functional capacity from the thymus (16), and are therefore designated 
T lymphocytes. With antigenic stimulation these lymphocytes turn into large blast 
cells (15), capable of giving off a number of factors called lymphokines (17). These 
lymphokines are important in the classical cell-mediated, delayed-hypersensitivity 
reaction. In addition, as “helper cells,” T cells partially regulate B-cell activity (18). 
In vitro the transformation of T lymphocytes can be mediated through nonspecific 
mitogens. For example, three days after the addition of the plant protein phytohe- 
magglutinin (PHA), 50-80% of T lymphocytes are transformed into blasts. A 
further specific property of T cells is their ability to form rosettes with sheep 
erythrocytes, in the absence of previous sensitization (15). 


B-CELL PROPERTIES AND THEIR DISTURBANCES IN CLL The recent data 
showing an increased number of B cells in CLL seemed to render the clinical 
observation of a marked deficiency in all types of immunoglobulins somewhat 
incomprehensible. Wilson & Nossal (19) described patients in whom 87-93% of the 
lymphocytes demonstrated fluorescent staining for cell-surface immunoglobulins. In 
14 of 20 cases, with over 80% immunoglobulin-positive lymphocytes, Grey, Rabel- 
lino & Pirofsky (20) were able to specify that the cell surface contained a heavy- 
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chain class of type IgM, and either of two possible light chains. In these cases no 
monoclonal serum proteins were found, and the serum IgM levels were usually 
depressed. The percentage of immunoglobulin-positive cells was not correlated with 
disease activity or with the level of the lymphocytosis. In 25 patients, Aisenberg & 
Bloch (21) found the same preponderance of lymphocytes that apparently were 
carrying specific monoclonal IgM. Of particular interest was their observation that 
four patients had monoclonal IgM elevations in their serum. In one of these patients 
the light-chain type in the serum was identical to that on the lymphocyte cell 
surface. These observations have been confirmed by other authors (22, 23). 

The ability to react with aggregated IgG as well as with immunocomplement 
complexes is interpreted as showing that the majority of CLL lymphocytes have 
binding sites for these B-cell markers. Thus three markers (cell-surface immuno- 
globulin, aggregated IgG, and immunocomplement complexes) allow 90% or more 
of CLL lymphocytes to be characterizable as B cells (19, 21, 24). There are, in 
addition, some unique features of these cells. Some cells are qualitatively different _ 
in having a decreased amount of detectable surface immunoglobulin (22, 23); some ` 
show a considerable diminution in the concentration of receptors for aggregated IgG 
(24). The phenomenon of “cap formation,” a transient accumulation of immuno- 
globulin at one pole of the normal lymphocyte surface, is absent in CLL lym- 
phocytes (22, 25). Finally, Cohnen et al (26) found crystalloid intracytoplasmic 
inclusions that might represent evidence of disrupted immunoglobulin production, 
most likely IgM aggregates. i ' 

All of these findings permit the interpretation that most of the lymphocytes in 
CLL have B-cell characteristics, with mostly IgM surface cover, disturbed mem- 
brane dynamics, and disturbed immunoglobulin secretion. Many authors consider 
these findings evidence of a neoplastic B-cell abnormality. Further support for this 
position is the evidence from stimulation tests with the plant pokeweed mitogen, 
which in vitro stimulates primarily B cells. Smith, Cowling & Barker (27) found a 
markedly reduced reaction of CLL lymphocytes to pokeweed mitogen. Others have 
demonstrated no reaction to pokeweed mitogen.in an isolated CLL B-cell popula- 
tion, whereas a maximal reaction occurred with normal cells (28). Finally, however, 
Cohnen and his colleagues found, after pokeweed stimulation, a remaining fraction 
of 5-10% blast cells in which they could demonstrate electron-microscopically all 
the structures of normal immunoglobulin-producing B cells (29). It is therefore 
accepted that in CLL there is a small population of normal B cells with normal 
immunoglobulin-secreting ability mixed in with a majority of pathological B cells 
that cannot secrete immunoglobulins. This explains why total agammaglobulinemia 
hardly ever occurs, although the immunoglobulin levels are often so very low (30). 


T-CELL FUNCTION IN CLL Among the major pathological B cells in CLL one 
finds T cells with likewise disturbed functional parameters. Studies with PHA and 
other T-cell-specific mitogens have shown that CLL lymphocytes frequently have 
a markedly diminished rate of transformation after stimulation in in vitro cultures 
(31-33). On the average, the values are 5-12% blasts on the third and fourth days 
with correspondingly low nucleoside incorporation. Most investigators have found 
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a reciprocal relationship between the lymphocyte count in the peripheral blood and 
the rate of transformation (27, 31). Blasts induced by PHA from CLL lymphocytes 
are no different morphologically or electron microscopically from those induced 
from lymphocytes of normal persons (34). It is noteworthy that in cases of CLL with 
high lymphocyte counts, the relative maximal rate of blast transformation on PHA 
stimulation occurs somewhat later, on the fifth to seventh days (35). At a subcellular 
level, a lysosomal enzyme deficiency or the absence of an increased permeability of 
lysosomal membranes necessary for the extrusion of activated hydrolases, seems to 
be responsible for the poor response to PHA stimulation (36). 

A quantitative determination of the number of T cells that form rosettes with 
sheep erythrocytes revealed a relatively low value of 2% in CLL, whereas normals 
show 25%. This decrease in rosette-forming T cells was found to be almost linearly 
and directly proportional to the extent of the lymphocytosis (37). Through gradi- 
ent separation, Wybran, Chantler & Fudenberg (28) were able to collect a fraction 
of CLL lymphocytes, over 90% of which formed spontaneous rosettes. This fraction 
also carried no cell-surface immunoglobulin and showed normal response rates to 
PHA and pokeweed mitogen. This evidence suggests that there is a small, normal- 
reacting T-cell population in CLL. Clues as to the size of this population come from 
Aisenberg et al (38), who were able to mark 1-11% of CLL cells with antithymocyte 
serum. These values indicate a relative depression of T-cell numbers. In contrast, 
Catovsky and his colleagues calculated that in untreated, stable cases the absolute 
number of T cells was markedly elevated, while in rapidly advancing, often-treated 
cases, the number of T cells was depressed, even in absolute numbers (39). 

It is necessary to qualify the foregoing data concerning B- and T-cell disturbances 
in CLL by noting that they are not valid for all cases. A very few cases (1-2%) have 
been described in which the ratios of B and T cells are exactly the reverse of these 
findings; here the disease has been called T-cell CLL (40). Because of its rarity we 
have dispensed with discussion of this special clinical entity here. 


THE PROLIFERATION KINETICS OF LYMPHOCYTES IN CLL 


The pathomechanism of the expansion of lymphoid cells into the blood, spleen, liver, 
and bone marrow seems to be the central question in CLL (41). Schiffer (42) 
suggested that an easily understood first parameter characterizing the mode of 
expansion is the accumulation rate of lymphocytes. In untreated patients, followed 
over years (42), this is found to be expressible as a straight line on a logarithmic 
graph, which describes an exponential increase of cell counts and a constant dou- 
bling time of cells in each phase of the disease. Even after therapeutic intervention, 
the increases in cell numbers that ensue are shown as lines of almost congruent 
steepness. The individual characteristic doubling times that can be calculated from 
this model are between 4 and 19 months in our patients and in those of Hansen (30). 
This is a relatively slow doubling time when compared with the values for lymph- 
node growth in non-Hodgkin’s lymphomas (one month) (43) and Hodgkin’s lym- 
phoma (two months) (44). However, normal lymphatic proliferation resuits in no 
growth of the cell counts after attainment of adulthood through a balance of new- 
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cell production and old-cell breakdown. Thus this relatively slow numerical increase 
of CLL cells represents a considerable disturbance. Obviously, this increase can 
come about through augmented production or diminished breakdown or both of 
these means. To clarify which of these alternatives may be operant, a number of 
isotopic studies of cell turnover have been carried out (45, 46). These have verified 
the slow turnover rate; thus, marking lymphocyte production with °H thymidine for 
long periods of time was necessary (47). The autoradiographic analyses offered the 
opportunity to separate short- and long-lived lymphocyte populations. From these 
studies we show in Table 1 the average values for CLL patients compared to those 
generally accepted to represent normal values from hematologically “healthy” can- 
cer patients. ` 

‘These mean values tend towards the higher end of the range of individual accumu- 
lation rates. A daily new production rate of 0.2-1%, or 300-1500 cells, is considered 
to be the usual range (48). The general problem of proliferation in CLL is clear from 
a study of this table: : 


1. In clinically apparent and treatment-requiring stages with elevated total cell 
counts, at least 15 times the normal number of lymphoid cells is produced daily. 

2. Short-lived lymphocytes are increased 25-fold, and these cells account for most 
of the increase in total production. The average life span of these short-lived 
lymphocytes is in the normal range. This means that with increased production 
these cells accumulate at a moderately higher total level only. 

3. An absolute increase in cell count is assured, however, by long-lived lymphocytes 
that have a lower rate of proliferation than the short-lived lymphocytes, but still 
have a rate ten times that of normal cells. Of particular importance is the five-fold 
increase in average life span of these long-lived cells. 


This combination of increased production and delayed destruction leads to the 
exponential accumulation of these cells. In normal persons the daily production of 
five long-lived lymphocytes/l, each having a life span of 365 days, is matched 
by a daily loss of the same quantity of cells, and a level of 5 times 365 ~ 2000 

cells/ zl is maintained (48). In CLL patients, however, the daily production of 60 


Table 1 Some characteristics of lymphocyte kinetics in normal patients and in patients 
with CLL (48, 47) i 

















Factor ¢ CLL Normal 
Lymphocytes (ul) 100,000 2,200 
Production of lymphocytes (1/day) 600 46 
Short-lived lymphocytes (ul) 5,000 200 
Production of short-lived lymphocytes (ul/day) 540 4] 
Average life span of short-lived lymphocytes (days) 5 6 
Long-lived lymphocytes (ul) 95,000 2,000 
Production of long-lived lymphocytes (ul/day) 60 5 


Average life span of long-lived lymphocytes (years) i 5 1 
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cells/ ul, each having an average life span of five years, results in a level of 100,000 
cells/ ul. 

The precursors of all these cells are primarily the blast cells of the lymphatic 
system; their initial products are large lymphocytes, and from these come small 
lymphocytes incapable of further division. It is clear, however, that not all blast cells 
proliferate, and there exists a relatively large resting/Gg fraction (47). The produc- 
tion of lymphocytes in the bone marrow amounts to about one third that of the 
lymph nodes (47). It is interesting that the remaining white cells demonstrate a 
qualitatively normal maturation (49). 


CIRCULATION KINETICS OF LYMPHOCYTES IN CLL 


Since the studies of Gowans & Knight (50) and Schiffer (42), we have known that 
the division of lymphocytes and their easy exchange between the intra- and extravas- 
cular pools are decisive in their function. Upon leaving the intravascular space and 
permeating the tissues, especially those of the lymph nodes and spleen, the lym- 
phocytes make contact with antigens and begin to carry out their specific functions. 
The path of recirculation leads from (a) the blood through the white pulp of the 
spleen and back into the blood, or (b) from the blood into the lymph-node cortices 
and from there by means of the efferent lymph circulation back into the blood, or 
(c) from the blood directly into the tissues, then by the afferent lymph channels into 
the regional lymph nodes and from these by the efferent lymph circulation back into 
the blood (50). Normally the extravascular readily accessible lymphocyte pool 
(RALP) is 25 times greater than the intravascular pool. Studies with 3H cytidine- 
marked lymphocytes demonstrate considerable shift of lymphocytes toward the 
intravascular compartment in CLL: the RALP was found to be only 3-5 times 
greater than the intravascular circulating pool (51, 52). With each increase in the 
blood-lymphocyte count, the situation becomes more abnormal, with the accumula- 
tion of an even greater-than-normal fraction of cells in the intravascular circulation 
(51). Correspondingly, lymphocytes recirculating through the thoracic duct are 
relatively reduced in number,.and are of proportionally different lymphocyte popu- 
lations than those in the blood. Recirculating cells show normal T- and B-cell 
function (53). This means that the lymphocytes responsible for the clinical charac- 
teristics of CLL also have a pronouced disturbance in their ability to leave the 
vascular system and recirculate. Thus, on the one hand an intravascular accumula- 
tion of cells results, while on the other a complementary inability to migrate from 
the tissues leads to cell accumulation in organ compartments with resultant vis- 
ceromegaly. Other studies (52) suggest that the surface properties of CLL lym- 
phocytes, rather than anatomic alterations in vessels, are responsible for this 
inability to recirculate. l 


INTERACTION OF FACTORS IN THE PATHOMECHANISM 
OF CLL 


To summarize, the following are the major disturbances of the lymphatic system in 
CLL: l 
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1. Increased production of long-lived lymphocytes. 

2. Hyperextended life span of long-lived lymphcytes. 

3. Increased production of short-lived lymphocytes with normal elimination. 

4. A disturbance of exchange of lymphocytes between intra- and extravascular 
pools and vice versa. 

5. Loss of function of the majority of B-type lymphocytes. 


A causal connection of factors responsible for these disturbances is difficult as long 
as kinetic features of specific lymphoid cells cannot be correlated directly with 
immunological-function studies. However, on quantitative grounds there can be no 
doubt that the pathologically functionless B cells, which dominate the usual clinical 
pictures as they constitute over 90% of cells, are long-lived lymphocytes. By con- 
trast, the population of lymphocytes that turns over rapidly can be relatively hetero- 
geneous. On the one hand, the rate of proliferation of this population corresponds 
to that of a population of plasma cells from which it can be separated on morpholog- 
ical grounds (47), so that the balance of cells can be assumed to be normal B cells. 
On the other hand, this heterogeneous population could contain the remaining 
T-cell population, which is also increased in volume (39); has normal ability to 
recirculate; and whose cells Rieke & Schwarz (54) found, in animal experiments, 
to have a relatively short life span. 

The central question is why a norma! equilibrium between cell proliferation and 
breakdown is not maintained in the dominant cell population of long-lived and 
functionless elements, and why instead these cells have an increased rate of produc- 
tion and an increased life span. Unfortunately, the mediators of feedback between 
cell breakdown and cell production are not adequately defined for even normal 
lymphopoiesis (55). Various pieces of evidence (56) suggest that normal regulation 
is dependent on (a) normal cell-membrane properties, (b) normal cell products 
(such as immunoglobulins of B cells and lymphokines of T cells) and (c) normal 
exchange of intra- and extravascular pools. Profound disturbances occur in each of 
these in CLL. 

If one must hypothesize a causal chain in CLL, it most likely begins, as Galton 
suggests (57), with the malignant degeneration of a cell clone for unknown reasons. 
This results in functionless cells with abnormal surface-membrane properties and 
pathological metabolism. The lack of function is primarily responsible for the ex- 
tremely long life of the cells, which together characterize CLL as “an accumulative 
disease of immunologically incompetent lymphocytes” (58). Beyond this CLL is, as 
demonstrated, also a disease of proliferation. This could be based on the fact that 
the pathological cells give off no normal catabolites, either as nucleotides (59), or 
as functional cell products, as self-regulating inhibitors of proliferation (60). It is 
true, however, that after massive destruction of cells following radiotherapy or after 
cytotoxic therapy, no compensatory increase in the doubling time is observed (61). 
These results speak against a direct regulation of proliferation by cell-adherent 
mediators or by secreted mediators related to the cell count. Another possibility is 
that the inability to secrete immunoglobulins causes a loss of a braking mechanism 
on proliferation normally applied after reaching a certain level of antibody produced 
by specific lymphocytes (62). However, this seems unlikely because doubling times 
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remain constant through normal and almost agammaglobulinemic phases in the 
course of the illness (30). 

The disturbance of recirculation would seem to. be of secondary importance. 
However, Vincent & Gunz (63) believe that the detector responsible for maintaining 
normal lymphocyte counts is in the postcapillary venule (which must be passed in 
the course of recirculation) and that the recognition site is the PHA-receptor of 
lymphocytes. Absence of this recognition site and less frequent passage by the 
detector would lead to a loss of normal regulation. On the other hand, other data 
show (51) that even when there is a considerable decrease in absolute numbers, more 
or at least as many cells recirculate as in hematologically healthy people (64). Thus 
an adequate number of signals must come to the detector. 

In all, no model-explanations of the dysregulation of the lymphatic system in CLL 
remain unchallenged. Thus for the present we are left with the suggestion of neoplas- 
tic and autonomous cells, which through loss of function, like most neoplastic cells, 
have a long life span and a relatively low rate of proliferation. The only peculiarity 
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Figure 1 Pathways in the pathomechanism of CLL. 
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in CLL, then, is the apparently high-degree of differentiation of the degenerate end 
cell (65). An outline of the pathomechanism in.CLL, with the principal factors 
presented here, can be seen in Figure 1. ' 


CONCLUSION 


It has been shown that CLL is characterized by a piling up of highly differentiated 
lymphocytic cells. These cells have the structural and metabolic characteristics of 
a neoplastic cell line of B lymphocytes (except in cases of “T-cell CLL”). However, 
they lack the immunoglobulin-secreting ability of normal B cells, and are immuno- 
logically incompetent and inert. Next to this population, there is a normal but 
reduced population of B cells and a periodically slightly increased T-cell population. 
The accumulation of pathological cells is based on a 10-fold increase in proliferation 
of cells that have a 5-fold increase in their life span. In addition, there is a distur- 
‘bance of exchange of cells between the intra- and extravascular pools. These charac- 
teristics clarify the development of the clinical picture: through packing of the bone 
marrow with pathological cells on the one hand, and the spleen on the other, 
anemia, thrombocytopenia, and finally granulocytopenia develop. The gradual dis- 
placement of normal B cells often leads to extreme hypogammaglobulinemia as the 
main component of a multifactorial syndrome of immune deficiency. 
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PAGET’S DISEASE OF BONE #7231 


Will G. Ryan, M.D. 
Department of Medicine, Rush Medical College, Section of Endocrinology and 
Metabolism, Rush Presbyterian-St. Luke’s Medical Center, Chicago, Illinois 60612 


Paget’s disease of bone was described almost exactly a century ago (1876) by an 
English surgeon, Sir James Paget, after whom the disorder is named. He presented 
to the Royal Medical and Chirugical Society a case description of a man whom he 
had followed for twenty years until his death and autopsy and who was affected by 
“a rare form of chronic inflammation of bones.” He proposed to call it after its most 
striking character ‘“‘osteitis deformans.” Since that time it has been the subject of 
numerous papers: it has been described in a skull from the Gallo-Roman era, a 
parietal bone from an Egyptian tomb, a femur from neolithic man, and several 
paleopathological specimens of American Indians. No convincing examples of the 
disorder have been found in animals other than humans. According to Barry, there 
are striking racial and geographical differences in its distribution, it being relatively 
more common in the United Kingdom, central Europe, and Australia and New 
Zealand; relatively less common in North America; somewhat less so in Scandinavia 
and southern Europe; and relatively rare in Africa, the Middle East, India, Japan, 
and China. The work of Schmorl (1932) in Germany and Collins (1956) in England 
on autopsy material indicate that in both countries about 34%. of the population 
over age 40 have some evidence of the disease (1.6% in persons of all ages) (1, 2). 
Roentgenologic studies in living subjects confirm these findings and suggest an 
incidence of 1% in the fifth decade, which rises steadily to approximately 10% in 
the ninth. Sex ratios appear to be about equal, with perhaps a slight preponderance 
of males (1, 2). : 


ETIOLOGY 


Many theories of etiology have been advanced since Paget described the disease as 
a chronic inflammatory process, although most of them have only a historical 
interest: The origin has been thought to be infectious, syphilitic, toxic, or neuro- 
tropic. Endocrine glands have been blamed: the “absence of perversion of some 
internal secretion,” or more specifically, the pituitary, the parathyroids, or an imbal- 
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ance between the parathyroids and adrenals. It has been thought of as a disease of 
mineral metabolism or as a local disturbance in bone metabolism. None has with- 
stood the test of time and no one offers the explanation for the basic process, i.e. 
“the anarchic destruction of bone without respect for the existing architecture 
accompanied by an extraordinary increase in all the elements of the local vascula- 
ture forming the periosteal plexus” (1). Several authors have suggested that Paget’s 
is a primary vascular disease. The inflammatory theory was revived in the 1950s 
when Albright & Henneman found suppression of features of the disease by corti- 
sone (3) and later by aspirin (4). 

The role of heredity has been stressed. Cases have been reported in identical twins, 
and in four generations in one instance. As early as 1883, a case had already been 
reported of a woman with characteristic clinical features whose father had been 
known to haye similar bowing of the limbs, and since then an impressive number 
of articles have appeared in the literature calling attention to affected families (1). 
McKusick, after careful review of material reported, suggested likely transmission 
of the disorder by a simple autosomal Mendelian-dominant gene (5). We have 
suggested that the disorder might be neoplastic (6) on the basis of its histological 
characteristics and response to an inhibitor of RNA synthesis (mithramycin). Re- 
cently, Rebel et al have suggested that the disorder may be induced by a virus. 
Electron microscopic examination of bone from patients with Paget’s disease has 
revealed that the nuclei of the osteoclasts contain an inclusion body that resembles 
the papovavirus (7). 

The presence of angioid streaks in some patients with Paget’s disease, as well as 
the occasional association with pseudoxanthoma elasticum, has suggested that it 
may be a more generalized disorder of connective tissue (5). Francis & Smith found 
that the amount and stability of a polymeric collagen fraction extracted from the 
skin of patients with Paget’s disease is significantly reduced compared with matched 
controls (8). Misra has reported that the hydroxylysinorleucine cross-link in bone 
collagen from patients with Paget’s disease was considerably increased (9). This 
may, however, be due to increased formation of embryonic or woven bone due to 
the rapid turnover of bone in Paget’s disease, since this cross-link is more charac- 
teristically found in less mature bone. Franck et al found that the incidence of 
rheumatic problems distinct from those attributable to Pagetic involvement was 

“surprising” (10). 


CLINICAL F EATURES 


Excellent reviews on large series have covered the clinical features of Paget’s disease 
and, except for a brief description and recent developments, these are not described 
here. The concept of excessive osteoclastic destruction of bone followed by compen- 
satory osteoblastic repair, resulting in greatly increased bone turnover .in affected 
areas in Paget’s disease, propounded by Albright in the 1940s, is still valid today 
(11). Increased osteoclastic destruction of the collagen matrix of bone results in an 
elevated urinary hydroxyproline with the highest values being found in this disorder 
(20-30 times normal is commonly found in urine of patients with extensive active 
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disease). Krane et al reported in 1967 that patients with Paget’s disease excrete 
polypeptides in the urine that have amino-acid composition and other properties 
resembling those of fragments of collagen. The pattern of isotope incorporation in 
vivo suggested that the fragments are derived from collagen that has been synthe- 
sized and rapidly degraded, or that they were rapidly synthesized but not incorpo- 
rated into tropocollagen molecules. This nondialyzable material, however, 
accounted for only about 10% of the total hydroxyproline (12). 

Genuth & Klein studied a unique patient with simultaneous idiopathic hypopara- 
thyroidism and active Paget’s disease, and demonstrated that endogenous para- 
thyroid hormone (PTH) is not essential for bone resorption in this disease. 
Treatment with exogenous PTH resulted in restoration of serum calcium and phos- 
phorus to normal and enhanced bone resorption, as evidenced by increased urinary 
hydroxyproline and calcium excretion. A similar response to exogenous PTH was 
observed in a euparathyroid patient with Paget’s disease in whom severe transient 
hypercalcemia was also produced (13). These findings are in accord with previous 
observations that parathyroidectomy had little effect in a patient with extensive 
active Paget’s disease (11). 

Increased vascularity is characteristic of Pagetic bone, and results in increased 
blood flow and warmth of the skin overlying bone near the surface. This had been 
attributed to arteriovenous fistulae, but Rhodes et al, using radioisotope-labeled 
microspheres, found no vessels of a size to suggest this and concluded that the 
increased vascularity was of normal type (14). 

Heistad et al studied regulation of blood flow by comparing blood flow in “Pa- 
getic” extremities to flow in the contralateral normal ones and found a mean 
increase in blood flow approximately seven times that of the normal. The contribu- 
tion of cutaneous flow to the increase was evaluated with epinephrine iontophoresis, 
which suppresses flow to skin but not to underlying tissue. Epinephrine iontophore- 
sis decreased blood flow in Pagetic extremities to hear normal, suggesting that the 
increase in blood flow in Pagetic extremities is primarily the result of cutaneous 
vasodilatation (15). 

Recent developments in bone scanning using either '*F- or %Tc-labeled ethane 
hydroxyl diphosphonate (EHDP) have facilitated evaluation of the anatomic distri- 
bution of the Pagetic lesions. Shirazi et al described some of the characteristic scan 
abnormalities as follows: in long bones the lesion begins at one or both ends, 
spreading down the shaft only when the ends are involved full-width with progres- 
sion stopping at the limits of bone. Involvement on both sides of a joint was 
coincidental, and isolated diaphysial involvement was not seen. There was a propen- 
sity to preserve rather than obliterate normal bony outlines, as in fibrous dysplasia 
metastatic disease, osteomyelitis, etc. Only 10% presented with monostotic involve- 
ment, with the majority being in skull, pelvis, and spine, in contrast to Barry’s 
finding monostotic lesions primarily in long bones. Visualization of the entire skele- 
ton by scan has resulted in only a slight difference in anatomic distribution analysis 
provided by others. Pelvic lesions were seen in 78%, spine in 63%, skull in 48%, 
femur in 48%, scapula in 37%, tibia in 22%, and humerus in 17%, with lesser 
amounts in other bones. In the spine, lumbar vertebrae were most frequently in- 
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volved, and 60% had both spine and pelvis involvement. In only 2% was the axial 
skeleton totally spared. In long bones, proximal involvement was greater than distal. 
Facial bone involvement was uncommon, with mandibular involvement being rela- 
tively more common (16). Khairi et al found that sclerotic lesions on radiographs 
were always asymptomatic, and concluded that the !*F bone scan detects clinically 
active lesions more often (17). 


TREATMENT 


The past decade, for Paget’s disease, has been characterized by revolutionary devel- 
opments in its treatment. Three modalities, calcitonins, cytotoxic agents, and di- 
phosphonates, have been used, with generally favorable results for all with regard 
to lowering serum alkaline phosphatase and urinary hydroxyproline, and for symp- 
tomatic relief. One of the most striking effects seen has been the regression of 
neurologic abnormalities (paraplegia, etc) that have presumably been due to relief 
of neural compression with treatment. Regression of lesions on bone scan has been 
observed, as well as reversion of radiographic lesions toward normal. 


Calcitonins 


Natural porcine, and synthetic salmon and human calcitonins have all been used 
to treat Paget’s disease; the studies reported within the last few years are too 
numerous to cite all of them (18-25). Porcine calcitonin is the least potent of the 
three in the human, and its use has largely been abandoned. Galante et al measured 
the acute calcium-lowering effect of the three in patients with Paget’s disease and 
found that salmon calcitonin produced approximately the same effect as a ten-times- 
greater dose of human calcitonin. Porcine calcitonin, however, was least potent and, 
compared with human calcitonin, required an approximately tenfold dose for a 
similar response (26). 

A common observation with calcitonin treatment has been a reduction in signs 
of activity with a plateau after 6 to 9 months and a rebound toward pretreatment 
values after 1-2 years. Mechanisms proposed for this phenomenon have been the 
development of neutralizing antibodies, secondary hyperparathyroidism due to low- 
ering of serum calcium by calcitonin (27), and a direct escape of the bone cells from 
the inhibitory effects of calcitonin (28). Dube et al (1973) found very low titers of 
circulating anticalcitonin antibodies after 2 years of treatment (29). Haddad & 
Caldwell, however, found that the development of neutralizing antibodies coincided 
with rebound clinical and biochemical indices of relapse (30). Woodhouse et al used 
synthetic human calcitonin to help avoid the development of neutralizing antibodies 
(31). Rojanasathit, Rosenberg & Haddad later reported a biochemical response to 
human calcitonin in patients who had become resistant to salmon calcitonin (32). 
Burchhardt et al found no evidence of secondary hyperparathyroidism in patients 
treated with salmon calcitonin (33). According to Raisz et- al, the most important 
cause of the rebound effect may be the escape phenomenon, which is exhibited by 
osteoclasts under continuous calcitonin treatment in vitro (28). This concept was 
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affirmed by Wright et al, who found a loss of specific calcitonin receptors in bone 
under the influence of calcitonin treatment (34). 

Side effects of calcitonin have been minor skin rashes, nausea, facial flushing, and 
swollen hands, but in none of the studies were patients withdrawn from calcitonin 
because of adverse reactions. 

Bone biopsies have indicated that calcitonin therapy results in normal new-bone 
formation (31), and radiological evidence of regression has been seen with long-term 
treatment with human calcitonin, which was particularly evident in a 6-year-old boy 
with juvenile Paget’s disease (35-37). 

Grimaldi et al reported the lack of effect on deafness secondary to Paget’s disease 
in 10 patients treated for a mean of 3 months with salmon calcitonin (38). Moffatt 
reported improvement in hearing in one patient treated with calcitonin. However, 
the lack of radiological evidence of skull disease in the patient leaves the relation 
of the deafness to Paget’s disease in doubt (39). 

Avramides et al reported beneficial effects of treatment with weekly injections of 
salmon calcitonin (40), and later reported that symptomatic and biochemical evi- 
dence of improvement after cessation of treatment with salmon calcitonin was 
maintained in 10 of 13 patients for up to one year (41). 

From the information available, calcitonin seems to be a very safe drug for 
long-term use, but its effectiveness over the several decades of disease duration 
expected in Paget’s disease remains to be seen. 


Diphosphonates 


Diphosphonates are compounds structurally related to pyrophosphate, but resistant 
to degradation by pyrophosphatase. They bind strongly to crystals of hydroxyapa- 
tite, block the growth and dissolution of such crystals in vitro, and slow bone 
turnover rate in experimental animals. Reports of the clinical use of diphosphonates 
have been confined so far to sodium editronate (EHDP, disodium ethane-1-hydroxy- 
1,1-diphosphonate). (42-45). Results that are both quantitatively and temporally 
similar to those obtained with calcitonins, on both biochemical parameters and 
symptoms, have been seen with effectiveness that is dose-related (oral administration 
1-20 mg (kg)! (day)!. During administration there is a reversible increase in 
plasma phosphate at higher doses, which is unexplained. Orally administered and 
free of apparent symptomatic side effects, they-appeared to be ideal for treatment 
of Paget’s disease. However, Smith et al (45, 46) have reported biopsy evidence of 
accumulation of osteoid after several months of therapy, suggesting impairment of 
mineralization of both normal and diseased bone. Kantowitz et al reported that a 
high proportion of patients receiving the higher dose (20 mg/kg) became markedly 
worse with severe pain over lesions and 7 of 29 patients who received 10-20 
mg/kg/day developed 10 fractures, mostly at sites of increased radiolucency in long 
bones. They concluded that although EHDP suppresses Pagetic bone resorption, 
poorly mineralized repair bone may be structurally unsound, contribute to pain, and 
be subject to fracture (47). Currently, evaluation of treatment with lower doses is 
being conducted, but the reported ill effects leave the usefulness of long-term admin- 
istration of at least sodium editronate in doubt. 
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Cytotoxic Drugs 


Mithramycin and actinomycin D are antibiotics that bind to DNA, and in so doing 
block RNA synthesis, presumably exerting their cytotoxic effect in this manner. 
During the course of our search for a cytotoxic drug that might be effective against 
the (presumed neoplastic) excessive osteoclastic activity seen in Paget’s disease, we 
encountered the report of Parsons et al (48), describing the hypocalcemia observed 
in patients being treated with mithramycin and assumed that the observed effect 
might be due to osteoclast toxicity. Prior to that, we had treated two Pagetic patients 
with actinomycin D in low dosage (0.1-0.2 mg/day X 5 days) and had observed 
transient effects on alkaline phosphatase. [Actinomycin D was used because of its 
reported blocking of the effect of vitamin D and parathyroid hormone on bone (49, 
50)]. We observed dramatic effects of the administration of mithramycin (25 ug 
(kgy!(day)! X 10 days) on serum alkaline phosphatase and urinary hydroxyproline 
accompanied by symptomatic relief of pain and regression of signs of neurological 
compression (6, 51, 52). Our further experience in approximately 150 patients and 
as reported by others (53-55) has been confirmatory of these observations, and 
objective evidence of remission remains for one to two years in most, and up to seven 
years in one. The prime disadvantage of mithramycin has been its hepato-, nephro-, 
and platelet toxicity, and fatalities directly attributable to the drug have been ob- 
served in patients in whom it was being used for the treatment of cancer. (56). 
However, we have seen no published reports of serious toxicity in patients being 
treated for Paget’s disease in whom generally lower doses (15-25 g/kg) are used, 
in contrast to those in cancer chemotherapy. (25-50 jg/kg). In our experience 
hepatotoxicity, as reflected in increases in serum enzymes, has been mild and tran- 
sient (usually reversible within 48 hr) and without residue. Nephrotoxicity [blood 
urea nitrogen (BUN) 40-60 mg/100 ml] has been slightly more prolonged (approx. 
7-10 days), but infrequent (< 10%) and three patients have had BUN’s remaining 
ina slightly elevated range (20-28 mg%). The only observed significant thrombocyto- 
penia (75,000/cm) was when a patient received 50 g/kg for 5 days through error. 
This, too, was transient and unaccompanied by other significant adverse effects (on 
the patient, not the investigator). Interestingly, this patient did not have a more 
prolonged remission of activity of her Paget’s disease. We have never observed 
leukopenia secondary to mithramycin, but did on the only occasion that we have 
administered actinomycin D in full therapeutic dose (0.5 mg/day X 5 days), which 
did not have as significant or prolonged effect as mithramycin. Fenelly et al (57, 58) 
have made the most extensive comparisons between mithramycin and actinomycin 
D and find their effects to be generally similar with, however, a less profound 
hypocalcemic effect of actinomycin D. Subsequent studies have generally been 
directed at achieving therapeutic effects with lessened toxicity, generally by using 
smaller doses or less frequent administration (59-61). Elias et al reported beneficial 
effects from the administration of 25 wg of mithramycin every 2-3 weeks for several 
months (55). Our own experience indicates that objective effects are reasonably 
closely related to dose used and frequency of administration (62). We have main- 
tained a few patients on weekly injections of mithramycin for up to three years 


PAGET’S DISEASE 149 


without evidence of cumulative toxicity. Our personal experience with a variety of 
other cytotoxic agents has not been fruitful. 


- MISCELLANEOUS TREATMENTS 


Condon (63) and Christiansen (64) reported beneficial effects of glucagon infusions 
and Sekel reported persistent relief of pain with calcium infusion, although bio- 
chemical improvement was only temporary (65). Phosphate (66) and fluoride (67, 
` 68) have been used in past years, but have been largely abandoned with the advent 
of more definitely effective agents. Hosking et al reported enhanced effects of com- 
bined sodium editronate and synthetic human calcitonin (69), and our own experi- 
ence indicates some degree of enhancement of the effect of mithramycin. 


CONCLUSIONS 


Paget’s disease affects approximately 3% of the population over age forty. It may 
be genetically transmitted (autosomal-dominant), but recent evidence suggests a 
viral etiology. Effective agents for control of the disorder have been developed over 
the past decade, but all have significant drawbacks. Calcitonin tends to lose its 
effectiveness in significant numbers of patients over a few months, mithramycin has 
significant toxicity, and diphosphonates tend to cause osteomalacia. 
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About ten years ago, the syndrome now known as malignant hyperthermia became 
recognized as a distinct entity in anesthetic practice (1-4). Because of the associated 
high mortality and the worldwide occurrence of this syndrome (over 600 cases are 
now known), interest in its etiology, prevention, and treatment has continued apace. 
In 1971 an International Symposium on Malignant Hyperthermia was held in 
Toronto, Canada (5). oe 

Early recognition of this syndrome has been and is a stumbling block to its proper 
therapy. The typical patient is a child or young adult, previously healthy, in whom 
a rapidly developing increase in body temperature occurs over a short span of time 
(10-30 min). If body temperature is not being monitored, the first signs to be noted 
may be a hot skin or the development of a tachycardia and/or arrhythmias. By this 
time the body temperature may be found to be 39-42°C. At this point, therapy must 
be considered just as much of an emergency as that for a cardiac arrest, if the life 
of the patient is to be saved. The situation is similar to that of a patient suffering 
from heat stroke. ` 

The etiological factors responsible for the development of malignant hyper- 
thermia are still unknown. It is known, however, that this syndrome is based on a 
hereditary predisposition that is transferred as an autosomal dominant trait (6-8). 
It is also firmly established from clinical experience that this syndrome can be 
triggered in susceptible individuals by the muscle relaxant succinylcholine and/or 
a potent inhalation anesthetic (e.g. cyclopropane, ethyl ether, halothane, methoxy- 
flurane, enflurane). In a majority of patients (about 75%), there is an associated 
hypertonus or muscle rigidity that develops with onset of the syndrome, and it is 
the consensus of opinion at present that malignant hyperthermia develops because 
of a lesion occurring in skeletal muscle. 

The reasons for implicating the muscle at all in the pathogenesis are not conclu- 
sive, but reasonably suggestive. Caffeine is known to cause contracture in isolated 
muscle fibers by enhancing the release and inhibiting the uptake of calcium ions by 
the sarcoplasmic reticulum. Kalow and colleagues (9) have shown that muscle 
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preparations from survivors of malignant hyperpyrexia were more sensitive to 
caffeine rigor than normal muscle cells, and that the same result was found with 
exposure to the triggering agent halothane. It can be postulated that, at least in rigid 
forms of malignant hyperthermia, the triggering agent releases calcium from a 
defective calcium-storing sarcoplasmic reticulum membrane of the muscle cell. The 
resulting high myoplasmic calcium in turn activates phosphorylase kinase, thus 
accelerating glycolysis; activates myosin ATPase, thus accelerating hydrolysis of 
ATP to ADP, phosphate, and heat; inhibits troponin, permitting contraction to 
occur; and is taken up into the mitochondria, causing an uncoupling of oxidative 
phosphorylation. These events are capable of liberating sufficient heat to account for 
the fulminant rise in body temperature (10, 11). 

Animal models (Landrace, or Poland China pigs) have been described in which 
malignant hyperpyrexia can be triggered (12, 13). Although the stress syndrome in 
pigs may not be identical to that seen in humans (14), experiments with these 
animals have confirmed many observations in humans and have initiated specific 
types of therapy for application to humans. It was in this manner that procaine was 
suggested as a method of successfully treating the established syndrome (15). The 
rationale for such therapy is that the caffeine-induced rigor in muscle can be blocked 
by procaine, due to a stabilizing effect on the sarcoplasmic reticulum membrane, and 
it was suggested that a similar result might be obtained with triggering agents such 
as halothane. More recently it has been shown that dantrolene sodium, a muscle 
relaxant that interferes with calcium release from the sarcoplasmic reticulum, can 
in vitro and in vivo slow or reverse the malignant nature of this syndrome in 
susceptible swine (16-18). 


PRESENT STATUS AND THERAPY 


The incidence of malignant hyperpyrexia today is estimated to be from 1:50,000 to 
1:100,000. In the early years of its recognition the mortality rate was 70-80%, the 
patients dying in cardiac failure from “heat stroke” or from the sequelae of the 
runaway metabolism associated with the severe pyrexia. Now the mortality rate is 
believed to be 30-40%, the decrease being attributed to perhaps better detection of 
susceptible patients, earlier recognition of the syndrome as it is developing, and 
more alert and definitive treatment once the syndrome is diagnosed. 

Since this disorder is genetically related, patients seen preoperatively are queried 
carefully about anesthetic problems they or their relatives may have had previously. 
As more susceptible families are being identified, the members of the families are 
being warned and medi-alert bracelets are being worn. 

For several years it was believed that a preanesthetic elevated creatine phosphoki- 
nase (CPK) level denoted a susceptible patient. However, it is now realized that this 
test is relatively nonspecific (19, 20), and that a high serum CPK reading may only 
be of prognostic value when it is found in an individual who is a member of a family 
known to be susceptible to the syndrome (21). It would appear that a careful history 
is the best way of detecting susceptible patients in advance of anesthesia administra- 
tion. 
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Once administration of anesthesia is begun, an abnormal reaction to the injection 
of succinylcholine intravenously should alert one to a possibly susceptible patient. 
If muscle fasciculations are greater than anticipated, and the patient fails to relax 
as expected, serious consideration should be given to postponing the operation until 
further investigation can be conducted. Prior administration of a small dose of 
p-tubocurarine to modify the fasciculations does not necessarily protect a suscepti- 
ble patient. 

Probably the best way to detect the onset of the syndrome, which may begin 
shortly after the beginning of anesthesia or which may be delayed for one or more 
hours, is by monitoring body temperature from the outset. Monitoring may be via 
the rectum, esophagus, nasopharynx, or tympanic membrane (22). A constantly 
increasing body temperature for no apparent reason should be of significant concern. 
In a short time tachypnea, tachycardia, or possible arrhythmias will develop, and 
the blood at the operative site will become darker than normal. The patient also will 
often show evidence of hypertonus and rigidity. 

When such a situation develops, an emergency must be declared and vigorous 
therapy begun at once. The operation is delayed or concluded within a matter of 
minutes. Total efforts are made to cool the patient by surrounding him in ice, 
administering cold intravenous fluids (Ringer’s lactate) at a rapid rate, instituting 
ice-water enemas and gastric lavage, and washing out any open body cavities with 
cold saline. Because metabolism is proceeding at such a rapid rate, the patient is 
hyperventilated with 100% oxygen to provide as much oxygen as possible and to 
eliminate carbon dioxide. Metabolic acidosis invariably occurs, so at least 44 meq 
of sodium bicarbonate is given and arterial blood gases are obtained as soon as 
possible to guide further such therapy. Renal shutdown may occur secondary to 
myoglobinuria, so mannitol and/or furosemide are given to help maintain urine 
output. 

Specific measures include the administration of procaine or procainamide in doses 
up to 10 mg/kg (23, 24). There are as yet no reports regarding the value of dantro- 
lene sodium in humans. Chlorpromazine may be administered to reduce shivering 
and produce peripheral vasodilation. Hydrocortisone in pharmacologic doses may 
also be of value. One instance has been reported in which cardiopulmonary bypass 
was successful in treating malignant hyperpyrexia (25). 

If cooling is successful, it should be stopped when the body temperature has fallen 
to approximately 38°C in order to prevent a rebound hypothermia. 

Before instituting these radical measures, one should be reasonably certain that 
the malignant hyperpyrexic syndrome is present. Other reasons for increases in body 
temperature may be existent, such as excessive draping in a warm operating room, 
thyrotoxicosis, or septicemia (26). However, once this syndrome has been experi- 
enced, it is never to be forgotten. 

Finally, the question arises as to how one should anesthetize a patient who is 
known to be susceptible to the syndrome or in whom one has a high index of 
suspicion. Certainly, succinylcholine or potent inhalation anesthetics are to be 
avoided. It would appear that spinal, epidural, and regional anesthesias can be safely 
used, although lidocaine should be avoided as a local anesthetic because it may 
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contribute to the development of the syndrome (27). If a general anesthetic is 
indicated, nitrous oxide and oxygen, supplemented by narcotics such as meperidine 
or by Innovar®, have been used successfully in susceptible patients. It is likely that 
the hypnotic thiopental and the tranquilizer diazepam can also be employed 
safely. If muscle relaxation is required, hyperventilation of the patient may be 
helpful. Until recently it was believed that p-tubocurarine could be used with 
impunity, but now some doubt has been cast on its safety (28). 


CONCLUSION 


Malignant hyperpyrexia is a genetically related syndrome that cannot be predicted 
reliably in advance of administration of anesthesia except by a strong family history. 
The definitive etiology is unknown, although triggering agents that release calcium 
from the calcium-storing sarcoplasmic membrane of the muscle cell are highly 
suspect. As soon as the syndrome is diagnosed, therapy must be prompt, vigorous, 
and carried out with the same urgency as a cardiac arrest. Specific therapy with 
dantrolene sodium may prove to be an answer to this serious problem in anesthetic 
practice. l 
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INTRODUCTION 


Although there is an increasing recognition of pulmonary embolism (PE) as a major 
contributory factor to the mortality and morbidity of hospitalized patients, the 
disease continues to present difficult diagnostic problems. Recent clinical studies 
employing perfusion lung scan and selective pulmonary angiogram as diagnostic 
screening tests indicate that fatal PE occurs in about 5 patients per 1000 inpatients 
(1) and nonfatal PE in 20 per 1000 inpatients (2). On an annual basis, this incidence 
rate yields a total of approximately 140,000 fatal and 560,000 nonfatal pulmonary- 
embolism cases each year. While the mortality of untreated PE is high, ranging from 
18% (3) to 38% (4), that of treated PE is relatively low—8% (5). It is therefore 
important that the clinician be aware of the implication of the above observations 
and institute appropriate measures for early diagnosis and treatment in the sus- 
pected patient. Diagnosis, however, may often be difficult, and at times, impossible. 
The diagnosis of PE can be made at the clinical level if a patient with no prior heart 
or lung disease presents with a history of thrombophlebitis, sudden onset of dyspnea, 
pleuritic pain, hemoptysis, and has minimal findings on physical examination and 
a “normal-looking” plain chest X ray. The clinical diagnosis may be confirmed by 
documentation of arterial hypoxemia and characteristic perfusion defect(s) on lung 
scanning. Such a presentation is so “typical” that further confirmation by selective 
pulmonary angiography may even be considered unnecessary. Unfortunately, how- 
ever, the manifestations of pulmonary embolic disease are rarely so typical and the 
diagnosis rarely so easy. In the great majority of patients, the disease presents in an 
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atypical fashion with few symptoms and fewer signs. Diagnostic difficulties are often 
compounded by the association of other disease processes, most notably chronic 
obstructive pulmonary disease (chronic bronchitis and/or emphysema) and conges- 
tive heart failure (6). Disease states like pneumonia, atelectasis, and acute myocar- 
dial infarction, which share many of the clinical features of PE, may confuse the 
issue. Most of the laboratory tests currently employed are nonspecific and insensi- 
tive, and render the diagnostic dilemma even more formidable. It is for this reason 
that in the following account an effort is made to present the factors predisposing 
to PE, its varied clinical picture, the available laboratory tests, and a rational 
diagnostic approach. 


CLINICAL PRESENTATION 
History 


When the presentation is typical, the diagnostic possibility can be readily suspected. 
As has been pointed out earlier, however, the classical presentation of PE is infre- 
quent. It is therefore helpful to consider the clinical setting in which the problem 
presents itself, since the majority of patients with PE develop their disease in a 
hospital during confinement for another illness. Certain disease states have been 
recognized as high-risk conditions for development of venous thromboembolism, 
bed rest and immobilization being common to these conditions. They include heart 
disease (especially with congestive heart failure), trauma (especially fractures of the 
hip), the postoperative state, chronic obstructive pulmonary disease, prior PE, and 
malignancy. 

Other predisposing conditions include advanced age, obesity, pregnancy, and 
ingestion of oral contraceptive drugs. Presence of any of these predisposing factors 
should alert the physician to the possibility of PE, particularly in the presence of 
‘appropriate cardiopulmonary symptoms. History of preceding thrombophlebitis is 
a helpful pointer, but often is not forthcoming. 


Symptoms and Signs 


Whereas most patients without prior cardiopulmonary disease have some clinical 
clue suggestive of pulmonary embolism, patients with a background of chronic 
obstructive pulmonary disease or congestive heart failure have only nonspecific 
symptoms and signs. It is indeed unusual for patients with PE to present with the 
complete clinical picture of apprehension, dyspnea, pleuritic pain, hemoptysis, and 
pleural friction rub. Often, tachypnea, cough, and an accentuated pulmonic compo- 
nent of the second heart sound may be the only clinical findings. 

In a survey carried out by us in 90 patients with angiographically proven PE, 
pleuritic pain and hemoptysis occurred in only 50% of the patients who had prior 
cardiopulmonary disease. Other symptoms and signs may be equally unrewarding. 
Dyspnea could be due to a variety of cardiopulmonary conditions. Fever, tachypnea, 
and tachycardia are not common, and if present are of no diagnostic significance 
in patients with chronic obstructive pulmonary disease or heart failure. Such pa- 
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tients are frequently likely to develop respiratory infections that may present with 
any of the above symptoms. However, tachypnea and tachycardia, if present, are 
frequently out of proportion to the clinically estimated degree of disability in pa- 
tients with PE. Fever, when present, is of a moderate degree (up to 101°F); higher 
temperatures are generally observed in patients with extensive pulmonary infarction 
or in whom secondary pneumonitis has developed distal to the embolus. Generalized 
bronchospasm and wheezing may sometimes be seen in PE and mistaken for bron- 
chial asthma. Signs of acute cor pulmonale such as cyanosis, elevated jugular-venous 
pressure, and S3. gallop with or without shock may be indicative of massive PE, but 
may also be secondary to chronic obstructive pulmonary disease with chronic cor 
pulmonale. The picture of sudden onset of chest pain with dyspnea and cardiac 
failure may sometimes be mistaken for myocardial infarction. 

In a recent report from the National Heart and Lung Institute Urokinase Pulmo- 
nary Embolism Trial (5), an attempt was made to determine whether the massivity 
of the embolic process, as estimated by the perfusion lung scan and selective pulmo- 
nary angiogram, had any influence on the presenting symptoms and signs of the 
patients entered into the study. Severity of the embolic process was categorized as 
massive (more than 40% pulmonary vascular obstruction) or submassive (less than 
40% obstruction). Only pleural pain was found to be significantly more frequent in 
the submassive group, whereas syncope occurred more frequently in those with 
massive embolism. The occurrence of other symptoms such as dyspnea, apprehen- 
sion, cough, hemoptysis, and sweating was not influenced by the severity of the 
embolic occlusion. Similarly analyzed, a loud pulmonary second sound, S3 or S4 
gallop: sounds, and cyanosis were found more frequently in patients with massive 
embolism than in those with submassive occlusion. The appearance of these symp- 
toms and signs may be helpful to the clinician, on a probability basis, in determining 
whether the process is a significant one or not. Massivity of the embolic process, 
however, did not influence the occurrence of rales, thrombophlebitis, sweating, 
tachypnea, tachycardia, or fever. . 


DIAGNOSTIC STUDIES 
Laboratory Studies 


Although a number of routine laboratory tests have been proposed to facilitate the 
diagnosis of PE, none is specific or sensitive. The white-cell count rarely exceeds 
15,000 per cubic millimeter in PE, and in many instances is less than 10,000, with 
little shift to the left on the differential count. Initial reports (7) stressing the value 
of the serum enzymes, glutamic oxalacetic transaminase (GOT), lactic dehydroge- 
nase (LDH), and serum bilirubin in establishing the diagnosis of PE have not been 
borne out by subsequent studies (8). Serum-enzyme elevations may be. modest and 
evanescent, and/or secondary to nonembolic causes (e.g. congestive heart failure, 
pneumonia). Their absence does not militate against the diagnosis of PE (9). It is 
currently accepted that these biochemical studies are of little diagnostic or therapeu- 
tic significance. 
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_ When pleural effusion is present, a study of pleural fluid might be helpful. A 
hemorrhagic or serosanguinous effusion raises the suspicion of pulmonary infarc- 
tion, but many embolic effusions can be serous (10). 

Systemic arterial hypoxemia has been observed to be a consistent finding in PE, 
irrespective of the severity of embolic occlusion. In recent years, measurement of 
arterial oxygen tension has enjoyed extensive use in the diagnosis of pulmonary 
embolism. The test, however, has limitations in its clinical applicability and should 
be modified before therapeutic decisions can be based on it. A major limitation is 
that it cannot be applied to patients with underlying cardiopulmonary disease, who 
already have a lowered oxygen tension. Thus its greatest value is in excluding 
pulmonary embolism in young patients who have no prior history or findings of 
cardiopulmonary disease. In the original report of Szucs et al, patients with proven 
pulmonary embolism had an arterial oxygen tension of less than 80 mm Hg (11). 
It was therefore suggested that in patients with suspected pulmonary embolism who 
had an arterial Po, of greater than 80 mm Hg, the disease could be excluded. In the 
recently published Urokinase Pulmonary Embolism Trial results, however, 11.5% 
of the patients with proven pulmonary emoblism had an arterial Po, of over 80 mm 
Hg (5). It is recommended, therefore, that the level of arterial Po, by which pulmo- 
nary embolism can be excluded be set at 90 mm Hg, since almost all of the patients 
with pulmonary embolism will have a tension below this value. In patients with prior 
cardiopulmonary disease who already have a low po, assuming the patient’s previ- 
ous (“baseline”) value for arterial Po, is known, a further reduction with the 
appropriate clinical picture may point to pulmonary embolism. 


Plain Chest X Ray 


Most of the radiographic changes in pulmonary embolism are subtle, if not non- 
specific, and thereforé need careful scrutiny. The complete radiographic picture of 
PE described by Fleischner (12) consists of high position and diminished excursion 
of the diaphragm, basal atelectasis, often platelike, bilateral small pleural effusions 
or a large unilateral effusion, diminished vasculature on the embolized side and 
increased vascular markings on the unaffected side, dilatation of hilar arteries, 
dilated azygous vein and superior vena cava, and right-ventricular enlargement. The 
complete picture, however, is the exception. A recent analysis made in the multicen- 
ter trial of thrombolytic agents sponsored by the National Heart and Lung Institute 
(5) shows that the two findings of note are the presence of a consolidation and 
elevation of the diaphragm on the affected side. Even these radiographic abnormali- 
ties, although common in previously normal individuals, lose their specificity in 
patients with prior cardiopulmonary disease. 


Electrocardiogram 


The electrocardiogram usually shows little alteration in the vast majority of patients 
with PE. When changes do occur, they are nonspecific. The exception to this general 
rule is the occasional patient with acute massive PE with the characteristic $1-Q3- 
T3 pattern with a rightward shift of the frontal QRS axis. The more common 
electrocardiographic changes are T-wave abnormalities in the precordial] leads and 
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sinus tachycardia. Other electrocardiographic changes observed are rhythm distur- 
bances (supraventricular and ventricular arrhythmias, particularly paroxysmal 
atrial fibrillation), varying degrees of heart block, P pulmonale, and ST changes in 
lateral chest leads (13). None of the above is specific for PE. The electrocardiogram, 
however, may be useful in excluding the possibility of acute myocardial infarction 
when the clinical presentation is indistinguishable. 


Perfusion Lung Scan 


The perfusion lung scan, because of its relatively noninvasive nature, has become 
the central screening procedure in patients with suspected pulmonary embolism. 
When four views are obtained, a normal lung scan virtually excludes clinically 
detectable pulmonary embolism. When the lung scan is abnormal, the likelihood of 
pulmonary embolism depends upon the nature of the scan defects observed. Lesions 
deemed to have a high probability of having been caused by pulmonary embolism 
are multiple and wedge-shaped or concave, according to the scan projection, and 
follow a segmental vascular distribution. Lesions that are classified as having a low 
or medium probability of having been caused by pulmonary embolism are nonseg- 
mental and nonvascular in distribution. When the history is compatible with pulmo- 
nary. embolism, the perfusion lung scan shows high-probability lesions, and the 
patient does not have underlying cardiopulmonary disease, treatment with intrave- 
nous heparin may be begun without further confirmation by pulmonary angiogra- 
phy. If, however, a nonembolic cause (e.g. pneumonia) of perfusion defect cannot 
be excluded, a ventilation scan, if available, may be performed. This can provide 
additional diagnostic information by detecting areas with loss of perfusion and 
retention of ventilation, characteristic of PE. Unfortunately, the majority of patients 
who suffer pulmonary embolism are older and generally have underlying heart or 
lung disease; in such instances differentiation between embolic and nonembolic scan 
defects cannot be made with certainty. It is therefore recommended that confirma- 
tory pulmonary angiography be carried out in these patients. 


Selective Pulmonary Angiography 


Selective pulmonary angiography continues to be the only definitive means of con- 
firming the diagnosis of PE during life, the characteristic findings being vessel cutoff 
and intravascular filling defect (5). Other findings, such as retarded flow, pruning, 
and tapered vessel caliber, are nonspecific and notoriously common in patients with 
chronic obstructive pulmonary disease and congestive heart failure. For this reason, 
in addition to the standard main pulmonary-artery injection, selective and subselec- 
tive injections in the oblique views are obtained. These views bring into focus 
suspicious areas by improving opacification of vasculature and obtaining clearer 
separation of smaller vessels that are obscured in the anteroposterior projection. The 
angiographic study also permits hemodynamic measurements that are valuable in 
assessing the impact of the embolic occlusion on the cardiovascular system. Infor- 
mation obtained about.the pulmonary arterial, capillary wedge, and right-sided 
filling pressures is helpful both in diagnosis and therapy. The angiographic proce- 
dure also permits evaluation of the patency of the inferior vena cava by appropriate 
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positioning of the catheter and obtaining of an inferior vena cavagram. Information 
thus obtained may be useful if a caval interruption is considered. 

There are limitations, however, even for pulmonary angiography. Vessels 2 mm 
or less cannot be visualized with sufficient clarity. Small emboli may therefore be 
missed. Since conventional pulmonary angiography attempts to portray the vascula- 
ture of a three-dimensional organ in a single plane, changes in the caliber and 
direction of vessels are difficult to interpret. Despite the limitations, pulmonary 
angiography yields definitive diagnostic information in the majority of suspected 
patients. 


Assessment of Deep Veins 


Since many institutions do not have angiographic facilities or a trained team neces- 
sary to perform safe studies of good quality, other, less invasive means are now being 
investigated as an aid to diagnosis. 

Our own efforts have centered around the problem of deep-vein thrombosis and 
its causal relationship to pulmonary embolism. As mentioned earlier, Sevitt & 
Gallagher (14) noted a strong correlation at postmortem, a finding followed up some 
years later by Kakkar (15), using the radioactive-fibrinogen test. Since radioactive 
fibrinogen is not yet freely available in the United States, we chose to investigate the 
usefulness of the electrical-impedance plethysmographic technique, originally de- 
scribed by Wheeler et al (16). Noninvasive and requiring little expensive equipment, 
the procedure has been very useful in detecting deep-vein thrombosis. The correla- 
tion with constrast-ascending venography has been excellent. In our series of pa- 
tients with pulmonary embolism, documented by pulmonary angiography, 95% had 
an abnormal impedance test, indicating deep-vein thrombosis (17). None of these 
patients had evidence or a history of recent major pelvic surgery, pelvic disease, or 
pelvic manipulation. In addition, ‘from further studies it was noted that in those 
patients with suspected pulmonary embolism, if the impedance phlebogram was 
abnormal, indicating deep-vein thrombosis, 90% had a positive pulmonary angio- 
gram whereas if the impedance phlebogram was normal, indicating patency of the 
deep venous system, 90% -of the patients had no intravascular filling defect or 
arterial vessel cutoff. 

The results of these studies are very promising, for they indicate the.same strong 
relationship between deep-vein thrombosis and pulmonary embolism that was previ- 
ously determined by Sevitt & Gallagher and by Kakkar. If such data regarding the 
inclusion or exclusion of pulmonary embolism, depending upon the.assessment of 
the deep veins are further confirmed, invasive procedures such as.pulmonary angiog- 
raphy may not be required.in the majority of patients with suspected pulmonary 
embolism. A suggested diagnostic schema is illustrated in Figure 1. 

Diagnostic Approach i 

Having recognized the possibility of PE in a given clinical setting, the physician is 
confronted with the task of proper investigation and prompt therapy. In spite of 
inadequate diagnostic sensitivity and specificity inherent in most of the tests, a 
careful history and physical examination with intelligent selection and interpreta- 
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Figure 1 Suggested diagnostic schema for pulmonary embolism 


tion of laboratory results allow discrimination between the various possibilities that 
constitute the differential diagnosis of PE. If the patient has only minimal symptoms 
and signs, there is adequate time for a complete laboratory workup; which is helpful 
in differentiating between the various diagnostic possibilities. In addition to the 
routine evaluation, which includes plain X ray of the chest and electrocardiogram, 
multiple-view lung scanning is an important aid as a screening test. Where facilities 
are available for performing impedance phlebography, detection. of deep-venous 
thrombosis of the legs strengthens the suspicion of coexistent PE. Ventilation scan- 
ning appears to add specificity to perfusion scanning. 

If the subject is a young individual without prior cardiopulmonary disease and 
the:lung scan reveals characteristic perfusion defects, treatment with heparin may 
be started without pulmonary angiography. If, on the other hand, preexisting cardi- 
opulmonary disease masks the clinical picture and the diagnosis ‘is less certain, 
selective pulmonary angiography should be-performed to definitively document or 
exclude the diagnosis of PE. 

In the clinical setting of marked dyspnea, air hunger, anxiety, severe right-sided 
failure, and shock, emergency angiography is indicated, bypassing lung scanning 
and other less definitive investigative procedures, if a thoracic surgical team capable 
of performing pulmonary embolectomy is available. Among other tests, only an 
electrocardiogram may be important, to exclude the possibility of massive myocar- 
dial infarction, which may mimic the clinical picture. A single injection of 10,000 
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units of intravenous heparin is recommended to “cover” the patient before any 
procedure is done. If the patient improves with heparin and supportive measures, 
surgery may not be necessary. If, on the other hand, the condition deteriorates, with 
development of refractory shock or cardiopulmonary arrest, embolectomy with 
inferior vena caval interruption should be performed. 
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Until recently, there was little evidence to implicate viruses as responsible agents 
for a sizable portion of the common form of endemic or epidemic nonbacterial 
gastroenteritis. However, many investigators were convinced of their importance 
and continued the search. In only a few years, small parvovirus-like particles were 
shown to cause epidemic diarrhea involving large pediatric and adult populations 
and somewhat later, rotaviruses (reovirus-like particles) were shown to be the major 
cause of infantile wintertime gastroenteritis throughout the world. 


BACKGROUND 


In 1945 Reimann et al (1) demonstrated that an acute diarrheal illness could be 
transmitted to volunteers through administration of bacteria-free filtrates of throat 
washings and stool suspensions obtained from others with illness. A few years later, 
Gordon et al (2) offered evidence that viral-like agents could be responsible for acute 
diarrheal illness. They infected volunteers with the “Marcy agent” after seven serial 
human passages. Homologous immunity was demonstrated after recovery from 
illness, yet Marcy agent-immune volunteers could be made ill with stool filtrates 
obtained from another outbreak (3). In 1971 and 1972 a series of volunteer experi- 
ments were performed with stool material from an adult patient with diarrhea 
acquired during secondary spread of illness at an elementary school in Norwalk, 
Ohio. The Norwalk agent was shown to produce illness in a high percentage of 
serologically unselected prison volunteers (4, 5). Homologous immunity was dem- 
onstrated when Norwalk material was again fed to volunteers following recovery 
from induced Norwalk disease. However, stool filtrates obtained from other out- 
breaks caused disease in the Norwalk-immune volunteers, indicating multiple an- 
tigenicity among viral agents (5). Kapikian et al (6) were able to directly visualize 
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the Norwalk agent by immune electron microscopy and indicated that it was a 
27-nm particle that morphologically resembles a parvovirus. 

A major new direction for research in the area of viral etiology of gastroenteritis 
was presented by Bishop and her colleagues in 1973 (7), when viral particles were 
detected in the duodenal mucosa of 6 out of 9 infants and children with diarrhea 
studied in Australia. Morphologically similar particles resembling reoviruses, later 
termed rotaviruses, were soon identified in diarrheal stools by Flewett et al in 
England (8). Since then, rotavirus agents have been reported throughout the world 
and are generally recognized as the most common cause of pediatric wintertime 
diarrhea. While adenoviruses, EcHO viruses, Coxsackie viruses and coronaviruses 
occasionally produce diarrhea, because of the extent of rapidly accumulating infor- 
mation on rotaviruses most of the following discussion is devoted to research on this 
new agent. 


ROTAVIRUSES 
Rotavirus Morphology and Classification 


The first report of rotavirus infection was by Bishop and co-workers (7) in 1973, who 
tentatively called the agent an orbivirus based on size, morphology, location in the 
endoplasmic reticulum, and the presence of enveloped and naked particles. 

Soon after the report of rotavirus from Australia, Flewett and co-workers (8) 
reported a similar virus in the feces of children with acute nonbacterial gastroenteri- 
tis from Great Britain. They suggested that the virus is similar to reoviruses because 
it has a double-capsid structure. In a subsequent report (9) they showed that the 
virus is morphologically identical to the Nebraska calf diarrhea virus (NCDV). In 
addition they noted that the viruses have a sharp, well-defined outline and cap- 
someres that radiate outward from a central core, like spokes of a wheel. These 
features are unlike those of reoviruses or orbiviruses. Flewett and co-workers (9) 
suggested the name rotavirus (from the Latin rota, a wheel), in view of the radiating 
capsomeres that give the virus a wheel-like appearance. Another group of investiga- 
tors proposed the name duovirus (10), based on the double-capsid structure and 
presumed presence of double-stranded RNA. Other names that have been used 
include reovirus-like agent, orbivirus, and infantile gastroenteritis virus. 

The virions of rotaviruses from humans, calves, foals, piglets, simians, and mice 
are morphologically identical (Figure 1). They are spherical particles 65-75 nm in 
diameter. They possess a central. core 37-38 nm in diameter. Short, hollow cap- 
someres radiate outward from this central core. There is an additional protein layer 
external to this capsid surface that is sharply defined. 

' The human, calf, and mouse rotaviruses have been shown to be antigenically 
related (9-11). Immunofluorescence data (12) indicate that the calf and simian 
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Figure 1 Representative electron micrograph of rotaviruses in diarrheal stool from a 10- 


month-old Indian boy from rural Guatemala (phosphotungstic acid stain, magnified 
259,000X). 
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rotaviruses are also immunologically cross-reactive. Neither the human nor calf 
rotaviruses react with antisera to reovirus types 1, 2, or 3, or to the 20 orbivirus types 
(9, 11). 

The calf and human rotaviruses have been shown to have a buoyant density in 
cesium chloride of 1.36-1.37 g/ml (13, 14). Rodger and co-workers (12) report that 
the rotavirus polypeptide patterns, when separated on polyacrylamide gel, are more 
closely related to each other than to the pattern of reoviruses or orbiviruses. 

The genome of the calf rotavirus has been shown by several groups to consist of 
double-stranded RNA. By the acridine orange method of Mayor & Diwan (15), we 
have shown the human rotavirus to be an RNA virus (14), which has been confirmed 
by labeling studies in gnotobiotic pigs infected with human rotavirus (16). A further 
difference of rotaviruses, when compared to orbiviruses and reoviruses, is the num- 
ber of fragments in the genome (12). 

The literature on this new agent is complicated by the lack of agreement on 
organism classification. Recently, 28 investigators working with rotaviruses re- 
viewed the available morphologic, serologic, and physicochemical data with the 
hope that a tentative classification might be possible. The consensus was that a 
separate genus called rotavirus should be created within the family Reoviridae 
pending official classification by the Reoviridae Study Group of the International 
Committee of Taxonomy of Viruses (E. L. Palmer, personal communication). 


Epidemiology of Rotavirus Infection 


Investigators from all parts of the world have implicated rotaviruses as major causes 
of pediatric diarrhea. Areas where rotaviruses have been associated with diarrhea 
include Australia (7), New Zealand (17), Great Britain (8, 9), Canada (18), Wash- 
ington DC (11), Houston (19), Atlanta (20), Guatemala (19), Mexico (unpublished 
data), Argentina (21), Japan (22), South Africa (23), Rhodesia (24), and India (25). 

Due to the expense and insensitivity of the electron microscopy techniques cur- 
rently employed in the detection of rotaviruses, it has not been possible to accurately 
define the modes of transmission and epidemiologic patterns of disease. Evidence 
thus far gathered, however, would suggest that they are responsible for approxi- 
mately half of the wintertime diarrhea necessitating hospitalization in those aged 6 
months to 2 years. There appears to be an inverse relationship between the seasonal 
patterns of rotavirus infection and shigellosis and salmonellosis (which are primarily 
warm-month infections). However, in a number of children with diarrhea and 
rotavirus agents in stool, other enteric bacterial and protozoal pathogens can be 
simultaneously identified (24, 26), raising the question of a possible dual infec- 
tion. 

While rotaviruses can occasionally be identified by electron microscopy in those 
without illness, their presence generally correlates well with the presence of illness. 
The reason for this probably relates to -the large number (greater than 105 parti- 
cles/mil) of viruses necessary to be seen by direct EM visualization. Virus concentra- 
tion of this magnitude may not occur in those without infection. Rotaviruses have 
also been implicated in several nosocomially acquired outbreaks of diarrhea in 
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newborn nurseries and on pediatric hospital wards, suggesting a propensity for 
spread within closed populations (10, 27, 28). 

Most children, by two years of age, have circulating antibodies to the agent, which 
probably explains the sharp dropoff in occurrence of rotaviruses in older children 
and adults. Also, there is probably a reduced rate of illness for infants less than 6 
months of age that may be explained by lack of exposure or by a protective effect 
of maternal antibody, which may be acquired transplacentally or through colos- 
trum. 


Clinical Manifestations of Rotavirus Infection 


The incubation period of the illness is between 48 and 72 hours. The onset is 
generally sudden, with vomiting and watery diarrhea the most common symptoms 
and often associated with fever. The illness usually lasts between 2 and 8 days and 
in general is less severe than bacterial diarrheas. However, severe dehydration and 
‘death have been reported, though rarely, in rotavirus infection (10). 


Propagation of Rotaviruses 


The rotaviruses are very fastidious and do not grow in most tissue-culture systems. 
Calf rotavirus (NCDV) and simian rotavirus (SA-11) have been succesfully grown 
in tissue cultures of bovine embryonic kidney (29) and African green monkey kidney 
(30), and recently there have been. several reports of human rotavirus infecting 
tissue cultures (31-34). While there has been demonstrable infection of the cells, 
there has not been reisolation of the virus from the cultures. 

In addition to cell cultures, several other systems have been utilized to propagate 
the rotaviruses. Both murine and human rotaviruses have been grown in intestinal 
epithelial organ cultures (35, 36). It has also been possible to propagate the human 
rotaviruses in gnotobiotic (37, 16) piglets, conventional piglets (16), and colostrum- 
deprived rhesus monkeys (38). In preliminary experiments we have been able to 
induce diarrhea in 16 of 19 suckling rabbits with human rotavirus administered via 
nasogastric tube. We were unable to visualize the virus in intestinal homogenates 
from rabbits in the ninth day of illness, but this may be too late in the course of 
disease. The development. of an inexpensive small-animal model should be valuable 
in evaluating the possibility of immunoprophylaxis and in studying the pathophysi- 
ology of this disease. 


Identification of Human Rotaviruses in Patients with Illness 


Since the human rotavirus has not been grown in routinely used tissue-culture cell 
lines, criteria for determining infection by this virus includes demonstration of the 
agent in a clinical specimen and/or proof of a serologic response to infection. 
Investigators have used a variety of techniques to diagnose rotavirus infection. 


DIRECT VISUALIZATION OF THE ROTAVIRUS BY ELECTRON MICROSCOPY 
The first report of rotavirus enteritis (7) demonstrated positively stained virus in 
duodenal biopsy specimens of children who presented with acute diarrhea. Shortly 
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after this report, the same virus was seen in fecal extracts that were negatively 
stained for electron microscopy. Flewett et al (8) differentially centrifuged 20% 
suspensions of diarrheal stools for electron microscopic examination. Bishop et al 
(39) described a differential centrifugation method in which the virus is precipitated 
with polyethylene glycol 6000 prior to examination in the electron microscope. 

The simplest electron microscopy procedure was reported by Middleton et al (18). 
Stool and distilled water are mixed on a microscope slide, and a drop of the 
suspension is placed on an electron microscope grid, stained with 1.6% phos- 
photungstic acid, and directly examined. The sensitivity of this technique compared 
to the more complex methods of differential centrifugation has not been determined. 
The pseudoreplica technique was used to find rotavirus by Gomez-Baretto et al (20). 
In this technique a drop of stool suspension is placed on a small block of highly 
purified agar. The fluid portion of the suspension is absorbed by the.agar, and the 
solid particles remain on the agar surface. The particles are transferred to a Formvar 
film, stained with phosphotungstic acid, and examined under the electron micro- 
scope. The method is simple, rapid, and inexpensive. We have compared the 
pseudoreplica technique to the more time-consuming method of differential cen- 
trifugation (40) and the sensitivity of the two techniques was the same. 

Electron microscopy by a variety of techniques provides a picture of rotaviruses 
directly from a diarrhea] stool. However, other viruses in the Reoviridae family are 
similar or identical in morphology to rotaviruses, which may on occasion present 
problems in diagnosis. 


IMMUNE ELECTRON MICROSCOPY AND IMMUNOFLUORESCENCE Immune 
electron microscopy was utilized by Kapikian et al (11) to detect rotaviruses. A 2% 
stool suspension was filtered through a 1200-nm and a 450-nm pore-size filter. The 
filtrate was incubated with a 1:5 dilution of serum from a patient who had recovered. 
from a rotavirus infection and this mixture was centrifuged. The pellet was exam- 
ined under the electron microscope and virus particles coated with antibody were 
seen. This procedure has not reached widespread acceptance, since the viral parti- 
cles are readily seen without the addition of antisera. 

Investigators have developed several immunofluorescence techniques for identify- 
ing rotaviruses-in clinical specimens and in tissue cultures. Middleton et al (18) 
obtained necropsy specimens from patients who died with gastroenteritis. Cells from 
the duodenal and jejunal mucosa were scraped off and incubated with rotavirus 
antiserum prepared in a guinea pig and tagged with fluorescein. Florescein-conju- 
gated anti~guinea pig globulin labeled the rotavirus antigen in the columnar 
mucosal cells. Davidson et al (41) examined duodenal biopsy specimens that had 
been shown by electron microscopy to contain virus. Paraffin-fixed sections of 
duodenal mucosa were incubated with convalescent human anti-rotavirus serum. 
The sections were then stained with fluorescein-labeled antisera to human globulins 
G, A, and M. Fluorescence was detected with antiserum to IgM only, and staining 
was present in the cytoplasm of epithelial cells, but not in cells of the lamina propria. 
It appears likely that rotavirus replication in the gut is limited to columnar epi- 
thelium of the duodenum and jejunum. f 
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COUNTERIMMUNOELECTROPHORESIS Middleton et al (42) described and eval- 
uated a method of counterimmunoelectrophoresis for the detection of rotavirus. 
Antiserum was prepared in guinea pigs to rotavirus that had been purified from 
feces. Stool specimens, diluted to half strength, were placed in the cathodal wells, 
which had been cut into agarose on a microscope slide, and the antiserum was placed 
in the anodal wells. Precipitin lines of antigen-antibody appeared after 60 minutes 
of electrophoresis. Thirty-five of 38 stools that contained rotavirus by electron 
microscopy were positive by counterimmunoelectrophoresis. Using this technique, 
one technician was able to process 20-30 specimens in 4% hr. Counterimmuno- 
electrophoresis appears to be a sensitive, rapid, and inexpensive method of identify- 
ing rotavirus, and it should be useful in future epidemiologic studies. 

Several methods have been reported for identifying the rotavirus in clinical speci- 
mens, but little has been written about the comparative selectivity and sensitivity 
of the available techniques. It is difficult to evaluate the epidemiological data re- 
ported, since each group of investigators has used different techniques of identifying 
the agent. Further studies are needed to determine the best methods for reliably 
identifying human rotavirus. 


Serologic Methods of Determining Rotavirus Infection 


A serologic response to rotavirus-associated diarrhea has been found by a variety 
of methods. Antibody titer rises may be demonstrated by immune electron micros- 
copy, complement fixation, immune fluorescent antibody tests, and counterimmuno- 
electrophoresis. Correlation has been good between demonstration’ of rotavirus 
antibody production and detection of the virus in stool. 


IMMUNE ELECTRON MICROSCOPY Flewett et al (9) found that serum obtained 
from children who had recovered from rotavirus infection agglutinated either a 
partially purified suspension of rotavirus or the related NCDV. Kapikian et al (11) 
tested paired sera from 4 patients with rotavirus-associated diarrhea for the presence 
of specific antibody. Using immune electron microscopy, they graded the amount 
of antibody coating the rotavirus particles. In all four cases an increase in the 
amount of antibody coating was observed among the specimens obtained during 
convalescence. Since the titer of antibody is difficult to quantitate by immune 
electron microscopy, this test is not an ideal method of routine serologic diagnosis 
of rotavirus infection. 


COMPLEMENT FIXATION (CF) Using a stool filtrate from a patient with rotavi- 
rus-associated diarrhea as an antigen, Kapikian et al (11) demonstrated a fourfold 
titer rise to rotavirus in 9 patients in whom the virus had been found in the stool. 
Four patients with no virus in the stool had no rise in antibody titer. In a later paper 
(43), the same group reported a CF test for rotavirus that used NCDV as an antigen. 
Because NCDV may be grown in tissue culture, it serves as an ideal CF antigen. 
Rotavirus antigens must be prepared from stools, so it is difficult to obtain large 
quantities for purification of a CF antigen. Epidemiologic. studies using a CF test 
with either antigen (20, 44) have shown good correlation between those patients 
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with rotavirus in their stools and those with an antibody titer rise to the agent or 
NCDV. 


IMMUNOFLUORESCENCE Echeverria et al (45) used NCDV in an im- 
munofluorescent assay for antibodies against rotavirus. NCDV was grown on bovine 
embryonic kidney-cell monolayers on coverslips. The cells were fixed after 24 hours 
of growth and then stained by indirect immunofluorescence using serial dilutions 
of paired human sera and fluorescein-labeled goat anti-human globulin. In a later 
study (N. Blacklow, personal communication), there was a striking correlation 
between the presence of rotavirus in a patient’s stool and an antibody titer rise by 
the immunofluorescent assay. This method appears to be a sensitive means of 
determining rotavirus infection. 


SUMMARY AND CONCLUSIONS 


Evidence has rapidly accumulated to implicate rotaviruses (reovirus-like agents) as 
the most important cause of endemic wintertime diarrhea in children under two 
years of age. These agents are capable of producing illness in all ages and have been 
found in nearly all parts of the world. Rotaviruses also are responsible for 
nosocomial outbreaks of gastroenteritis in pediatric hospital populations and new- 
born nurseries. While these agents have thus far eluded conventional virologic 
isolation techniques, they may be seen in direct visualization of diarrheal stool by 
electron microscopy. The technique is limited in usefulness, since viruses are gener- 
ally seen only when they are present in massive numbers. This may explain the usual 
absence of viruses in stools of older children and adults with diarrhea, where there 
may be a lower density of viruses in stool. In one outbreak of diarrhea at an 
elementary school in Norwalk, Ohio, a parvovirus-like agent was identified by 
immune electron microscopy after. a series of volunteer experiments. Such detailed 
studies are not possible in most outbreaks of diarrhea. : 

While the amount of information gathered in the past several years about viruses 
and human diarrheal disease is impressive, the surface has just been scratched. An 
immediate area for investigation is a better characterization of the epidemiology of 
rotavirus infection in children. Most published studies have dealt with hospitalized 
children with diarrhea. What role do these viruses play in the milder outpatient 
illness? What is the mode of transmission and where is the reservoir in nature? What 
is the relationship between viral agents and bacterial and protozoal pathogens? 
There is an urgent need for the development of a rapid and reliable serologic test 
for the detection of viral gastroenteritis. It appears that either the NCDV or human 
rotavirus will serve as a suitable antigen, and standardized serologic procedures 
should be forthcoming. Many of the major advances in this field must await develop- 
ment of procedures for the isolation of the various viral agents. It will then be 
possible to evaluate the specificity of serologic tests, determine the antigenic simi- 
larity of various viral pathogens, and investigate accurately the pathophysiology of 
viral gastroenteritis. Prevention or control of these infections, the ultimate goals, 
may then be possible. 
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INTRODUCTION 


I believe . . . that pertussis in adults is often unrecognized, and this is accountable in many 
cases for the spread of the disease. In one year in three different families, I saw six cases 
of pertussis contracted from nurses who had coughs, which they thought were due to 
“ordinary colds.” The prevalent idea among the laity, and sometimes among physicians 
and nurses, that adults seldom contract whooping cough is responsible for lack of quaran- 
tine. 

John Phillips, 1921 (1) 


Over 50 years later, and several decades after the development of an effective 
pertussis vaccine, the “prevalent idea” that adults do not contract pertussis contin- 
ues to result in the spread of disease. An example of this occurred in 1974, when 
pertussis developed in pediatricians and pediatric nurses at the University of Cincin- 
nati and spread to infants in the newborn nursery before the cause of the epidemic 
was recognized (2). The reason for the delay in recognition was the belief that adults 
do not develop the disease. . 

Although pertussis is primarily a disease of the very young, cases have always 
occurred in adult contacts of children with the disease. This is reflected in some of 
the colloquial names for pertussis such as “grandmother’s whooping cough” or 
“nurses’ cough” (3). Widespread use of effective pertussis vaccines has contributed 
to the decreasing incidence of clinically recognizable pertussis in children, but recent 
observations have suggested that the disease is continuing to occur in adults. This 
report reviews the clinical and epidemiological aspects of pertussis in adults, the 
currently available control measures, and future prospects concerning the disease. 


CLINICAL MANIFESTATIONS 


The term pertussis has replaced “whooping cough” to indicate infection with Bor- 
detella pertussis. This reflects the recognition that B. pertussis produces a spectrum 
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of clinical manifestations, from mild respiratory-tract infection to severe paroxysmal 
coughing associated with an inspiratory whoop and occasionally bronchopneu- 
monia. Most studies of pertussis have been confined to patients with the more severe 
clinical illness, primarily because of the technical difficulties in obtaining a bacteri- 
ologic diagnosis. One study of the clinical manifestations of Bordetella infections 
reported that more than half of those with pertussis had paroxysmal coughs, a third 
had nonparoxysmal. coughs, and 1% or less had inapparent infections (4). The 
clinical illness may vary with increasing age, immunization, or previous infection, 
but this has not been carefully studied. 

Pertussis in the adult may be similar to disease in the young infant. This was 
vividly illustrated during the hospital epidemic at the University of Cincinnati in 
1974, when one of the authors had the opportunity to experience pertussis in the 
adult in the first person: 

“I am a 29-year-old white male pediatric resident who became ill in March 1974, 
while rotating through the newborn nursery at the Cincinnati General Hospital. My 
initial symptoms were coryza, sneezing, and an irritating nonproductive cough 
without fever. The cough gradually increased in frequency over the first 2 weeks 
until I was having explosive paroxysms of coughing 6 to 10 times an hour, with each 
paroxysm lasting 5 to 10 seconds. I also developed hoarseness during the second 
week, which persisted throughout the illness. Initially, the cough occurred during 
the day, but in the second week, coughing occurred throughout the night and 
appeared to be aggravated by a recumbent position. This made sleeping impossible, 
and codeine did not suppress the cough. At this time, a nurse’s aid in the nursery 
suggested that I had “whooping cough,” but this was discounted as a joke. By the 
end of the second week, the cough was still nonproductive, but now the paroxysms 
were followed by an inspiratory whoop, which can only be compared to a feeling 
of suffocation. Even with a voluntary effort, the inspiration could not be stopped. 
The few seconds involved seemed much longer. 

For the first time, the diagnosis of pertussis was suggested seriously, but still 
considered unlikely. A cough-plate culture was made, which was later overgrown 
by normal mouth flora, and ampicillin was started for my “bronchitis.” A white 
blood-cell count and differential at this time and on several subsequent occasions 
were normal. A nasopharyngeal swab was cultured on the fifth day of ampicillin 
therapy and B. pertussis was isolated. The ampicillin was changed to erythromycin. 
By the third week, my cough became productive and was frequently followed by 
vomiting. During the fourth week, I developed left lower back pain which was 
treated with. bed rest, local heat, and Valium. During this time the cough. was not 
triggered by any specific events. 

In the fifth week, the paroxysms began to decrease in number and severity, and 
for the first time I could anticipate when a paroxysm was going to begin. By the 
sixth week, I was able to return to work, seeing patients in the outpatient clinic. 
Several days after this, I developed coryza and the paroxysmal coughing returned. 
That evening I had a temperature of 104°F and became tachypneic. After one burst 
of paroxysms which lasted 15.to 20. minutes, I had great difficulty breathing. A 
culture and fluorescent-antibody stain for B. pertussis at that time were negative, 
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but influenza A was recovered from a pharyngeal swab. This exacerbation decreased 
over the next few days, but a chronic productive cough continued into the ninth 
week. 

Although my medical records from childhood are not available, my mother 
believes that I received the customary ‘baby shots.’ ” 

This illustrates the potential for B. pertussis to produce classical whooping cough 
in adults. The only exception was the absence of the lymphocytosis that is character- 
istic of pertussis in children (5). Mannerstedt studied 29 adults with pertussis, six 
of whom were confirmed by culture, and reported that sequential white blood-cell 
counts were normal (6). However, he did note that in some patients the absolute 
lymphocyte count decreased with recovery. Another study of vaccinated children 
stated that the white blood-cell count was not useful in diagnosis, suggesting that 
partial immunity might interfere with the development of lymphocytosis (7). 

Severe pertussis appears to be unusual in adults, although the clinical spectrum 
of infection in the older age groups has not been clearly defined. Mannerstedt’s study 
of pertussis in the adult was done in 1934, before the introduction of effective 
vaccines (6). His patients were adults seen in juvenile pertussis clinics, apparently 
accompanying sick children, and were selected because they had chronic coughs. 
He did not study asymptomatic adults or those with minor respiratory symptoms 
to determine whether they were infected. Therefore his observations are limited to 
those whose illness progressed to chronic coughing. He reported that the symptoms 
of his patients persisted from 24-80 days, with an average duration of 6 weeks. In 
23 of his 29 patients the cough was paroxysmal, and 27 had productive coughs. He 
noted the variable presence of whooping, vomiting, and choking, but did not indi- 
cate the frequency with which these occurred. 

Smith reported a school epidemic of pertussis in teenage boys (8). Three out of 
twenty boys with positive cultures had inspiratory whoops. There was a wide variety 
of clinical manifestations, ranging from a “series of single coughs,” “ ‘tickly’ cough,” 
and “slight cough on waking” to those with frequent paroxysms of coughing and 
whooping. He. did not define the duration of illness, but commented that some 
continued to cough for 2 months. Luttinger described a group of adults who were 
the apparent source of infection for children (9). They had only a “little cough” but 
this lasted for 5-6 weeks. In our experience during the epidemic in Cincinnati, only 
one of eight adults with confirmed pertussis developed severe disease with “whoop- 
ing”, but all were sick for over 2 weeks (2). Therefore, although the symptoms in 
older children and adults may be less severe than in, younger children, the illness 
in. many cases may last for a prolonged period of time. This is an interesting 
observation, in view of a recent survey of pertussis in England that indicated that 
the severity of illness and complications in children were age-related, but the length 
of illness showed little difference among various age groups (10). 


EPIDEMIOLOGICAL ASPECTS 


Prior to the introduction of effective pertussis vaccines, most people were infected 
at an early age. The maximum incidence occurred in the preschool-age group (11). 
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Natural infection provides long-lasting immunity, so clinically recognizable infec- 
tions were rare in the older age groups. Reinfections did occur, as indicated by the 
appearance of mild disease in parents of infected children, but the extent of reinfec- 
tions in older age groups and their role in maintaining immunity to pertussis were 
not defined. Children with clinical pertussis were the primary reservoir of infection, 
since a true carrier state does not exist (12). Adults with pertussis did serve as a 
source of infection for some children. In 1916, Luttinger described a “Pertussis 
Pete,” a young man with a chronic cough due to pertussis who infected a number 
of children, and suggested that adults with pertussis may play a role in the dissemi- 
nation of disease (9). He also reviewed several German studies, one of which 
reported a doctor acquiring pertussis in the hospital and transmitting it to his family 
(13). Recent reports of hospital-associated epidemics have shown that this pattern 
of transmission by adults still occurs, but do not indicate how frequently it occurs 
(2, 14). In large series of pertussis patients, 2% or less of cases were adults (9). 

The widespread use of pertussis vaccine in the United States in the 1940s changed 
the epidemiology of the disease. Mortality rates were decreasing prior to this time, 
but the incidence of disease was not (15). The use of pertussis vaccines was asso- 
ciated with a decrease in the number of reported cases and a relative shift to an older 
age of attack. Ipsen & Bowen reported a decreasing incidence of pertussis in children 
under 10 years of age in Massachusetts beginning in the 1940s, but not in children 
in the 10-to-14-year age group (16). In 1958 Eldering & Kendrick reported that 
more of the cases in Grand Rapids, Michigan were occurring in children 10 years 
of age and older, but that there was not an increase in the attack rate in this age 
group (17, 18). The proportion of total cases was higher in the older age group 
because of the decrease in attack rates in the younger age groups. Similar changes 
in the age distribution in children have been reported in European countries (19). 
A serologic survey in Czechoslovakia after the introduction of pertussis vaccine 
showed that antibody was present more often in young children and older adults 
than in young adults (19). Presumably, vaccine produced antibody in the children 
and natural infection accounted for antibody in older adults. 

None of these epidemiologic studies were specifically concerned with pertussis in 
the adult. The changing age distribution was attributed to the protection of younger 
children by vaccine, while older, unvaccinated children continued to develop dis- 
ease. Subsequent studies demonstrated that older, vaccinated individuals also devel- 
oped pertussis (20). Lambert reported an attack rate of 95% in individuals who had 
been vaccinated 12 or more years prior to exposure to pertussis. This loss of 
vaccine-induced immunity suggests the possibility that the incidence of disease 
might increase in previously vaccinated adults, but this has not been demonstrated. 
The proportion of cases occurring in adults in some recent epidemics has ranged 
from 20 to 33% (20-22). In Lambert’s study, 39 of 186 (21%) of those 20 years of 
age or older developed pertussis; in a small epidemic in Oregon, 6 of 16 (38%); and 
in a family study in Los Angeles, California in 1974-1975, 11% (20, 22, 23). The 
proportion of cases and the attack rates in adults seem higher than would be 
expected from the pre-vaccine studies. However, the recent reports are intensive 
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epidemic investigations or family studies. It is possible that similar studies in the 
pre-vaccine era would have given the same results with regard to attack rates in the 
older age groups. 


CONTROL MEASURES 


The recognition that pertussis occurs in adults and that vaccine-induced immunity 
is lost with time raises the question of revaccinating adults. At the present time, 
pertussis vaccine is recommended for the routine immunization of children up to 
6 years of age. The vaccine is not used in older age groups because the risk:benefit 
ratio is considered too high, although estimations of the risks are extremely variable 
(24). Reduced doses of currently available pertussis vaccines (0.2 ml) have been used 
in adults, with seroconversion occurring in 75% of those vaccinated (2, 25, 26). 
Local reactions constitute a problem that would interfere with any attempt to 
routinely revaccinate adults; however, in epidemic situations such as a hospital 
outbreak, vaccination of adults may be indicated. In one such epidemic, 885 hospital 
workers were vaccinated (2). The majority of vaccinees had local reactions; 10% 
developed fevers (>. 100°F); rashes occurred in several vaccinees, including ery- 
thema multiforme; and one man, who had a history of a febrile convulsion in 
childhood, developed a transient episode of memory difficulty. Appropriate screen- 
ing might have eliminated the latter problem, but one must be willing to accept local 
reactions and occasional allergic reactions ifthe vaccine is used in adult populations. 

Antibiotics do not affect the course of pertussis, except perhaps when started early 
in the infection, but they do eradicate B. pertussis from respiratory-tract secretions 
(27). Therefore antibiotics are useful in preventing further spread of the disease from 
infected patients. Uncontrolled observations have also indicated that erythromycin 
chemoprophylaxis may be effective (2, 27). Until the appropriate controlled studies 
are done, the use of erythromycin would seem reasonable in adults in close contact 
with pertussis patients or in the containment of epidemics in limited populations. 
In these situations, 1-114 g of erythromycin should be given daily for 14 days. If 
the individual has continuing exposure to new cases of pertussis, then vaccination 
should be considered. 


FUTURE PROSPECTS 


Attempts to produce an effective vaccine that does not produce reactions have been 
unsuccessful (28). The protective antigen cannot be separated entirely from the 
antigens or toxic fractions that produce those reactions. One alternative that has 
been suggested for revaccination of adults is the intranasal administration of the 
vaccine (29). This produces a secretory immune response in the respiratory tract, 
but no increase in serum antibody. Evaluation of the efficacy of intranasal vaccina- 
tion in the prevention of infection would be very difficult. The decrease in the 
recognized morbidity and mortality of pertussis has been associated with a decrease 
in interest in vaccine development. The increasing attention to the occurrence of 
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pertussis in older age groups, if supported by the appropriate surveillance for B. 
pertussis in the general population, could provide the basis for renewed interest in 
vaccine development. 

A related problem, which has not been discussed in this review, is the occurrence 
of another Bordetella infection, caused by B. parapertussis. Parapertussis is a milder 
disease than pertussis, but approximately 40% develop prolonged bronchitis (4). 
B. parapertussis is extremely widespread, as shown by antibody surveys in which 
the majority of adults have been infected (19, 30). The diagnosis is seldom made, 
because bacteriologic laboratories do not routinely culture for this organism, but 
recent experience confirms that parapertussis is a significant problem (31, 32). B. 
parapertussis infects adults, just as does B. pertussis (4). Culture surveys of adult 
populations may show that both pertussis and parapertussis contribute significantly 
to the etiology of prolonged bronchitis in adults. 
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INTRODUCTION 


Recent years have witnessed accelerated interest in the clonal nature and origin of 
disease. Benign disorders of clonal nature are probably the result of single mutations 
that may or may not be followed by essentially normal growth patterns. On the other 
hand, the somatic-mutation theories of cancer imply unicellular or clonal origin, 
which proceeds, however, through progressive clonal growth and selection to fully 
malignant characteristics (1). In view of recent reports of paroxysmal nocturnal 
hemoglobinuria (PNH) terminating in acute leukemia (2-4),! it seems pertinent to 
review the evidence for PNH as a clonal disorder. 

Nowell views the natural history of tumor progression as a “microevolutionary” 
process, with continuing production of a multiplicity of variant cells (6). Among the 
variants there occurs an occasional mutant with selective growth advantage permit- 
ting it to overgrow not only normal cells in the area, but the parental tumor-cell 
line as well. Such processes may occur repeatedly until frankly invasive malignancy 
develops. This theory is basically Darwinian, with the analogy between evolution — 
of the species and microevolution of malignancy. This is, for example, consonant 
with postulated progression of uterine cervical dysplasia to carcinoma in situ and 
finally to malignant, invasive cervical carcinoma. This theory does not exclude the 
influence of other factors, i.e. viruses and carcinogens, via effects on the genome. 

Support for the microevolutionary theory of tumorogenesis derives in a major 
way from chromosome studies (6). Although not all tumors show chromosomal 


'Space considerations preclude a seemingly interminable listing of individual case reports 
and studies. Reference is instead made to key reviews (2-5) in which individual references have 
been conipiled and discussed, all with full recognition that the original work stems from a large 
number of investigators, 
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aberrations, as most tumors progress the chromosomal patterns tend to become 
(more) abnormal, parallel with the loss of specialized function of the ancestral 
normal cell and with improved capacity for growth and invasion (7). 

An important model for study of the clonal nature of disease stems from the 
mosaicism produced by random functional inactivation of one or the other of the 
two X chromosomes in female somatic cells early in embryonic life (Lyon phenome- 
non). Using females heterozygous for the sex-linked enzyme glucose-6-phosphate 
dehydrogenase (G-6-PD) types A and B, it has been shown that at least 14 human 
tumors are unicellular in origin (1,8), e.g. cultured tumor cells possess only one type 
of G-6-PD. Unicellular origin has also beer demonstrated for benign processes such 
as hereditary X-linked sideroachrestic anemia (9) and for the repair of atheroscle- 
rotic plaques (1). On the other hand, a smaller number of tumors appear to be of 
multicellular origin (1). In heritable tumors of multicellular origin, it is possible that 
an initial or “preparatory” carcinogenic event occurred prior to X-chromosome 
inactivation, and a second or precipitating carcinogenic event later involves all cell 
types. Other speculations have been invoked to explain multicellular origin of osten- 
sibly nonheritable tumors (1). 

The study of blood disorders has yielded a rich source of litota: A prerequi- 
site for the clonal-evolution theory of tumorogenesis is the existence of a “variant 
commun” for the individual type of tumor that permits subsequent microevolution 
to fully developed malignant cell clones. The best theoretical example is the Ph! 
chromosome of chronic myeloid leukemia (CML), which may even be present in 
marrow preceding onset of clinically detectable disease (1). CML has been viewed 
as “carcinogenesis in slow motion” and variously termed as a “conditioned malig- 
nancy” or as “premalignant.” The malignant progression and clonal evolution are 
slow until late in the course (i.e. blastic transformation), and then a large variety 
of cytogenetic abnormalities may develop (10). 


PNH AS A CLONAL DISORDER 


PNH has been associated with CML and “related” disorders (acute leukemia, 
myeloid metaplasia) and with aplastic anemia (2-5). Whether the inclusion of PNH 
with the “myeloproliferative disorders” (11) and its designation as a “malignant 
disorder” (1) are justified is open to question. Nonetheless, such suggestions render 

- pertinent a review of the evidence for PNH as a clonal disorder. The salient clinical 
and laboratory features of PNH have been reviewed elsewhere (2-5). 

The finding of low acetyicholinesterase (AChE) activity in PNH erythrocytes 
(RBCs) suggested an heritable disorder, but this was quickly vitiated by the negative 
results of many family studies. An acquired mutation was then suggested (12), and 
from this evolved the clonal theory for PNH (13). Variously expressed, but put 
simply, this implies the “development or ascendancy of a new clone of normoblasts 
giving rise to circulating PNH RBCs, perhaps in the setting of marrow damage” 
(e.g. hypoplastic anemia). 

Supporting observations were that only a certain maximum percentage of RBCs 
obtained from PNH patients could be hemolyzed by in vitro PNH hemolytic tests. 
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This suggested two populations of circulating RBCs in the PNH patient—one 
“resistant” (or normal) and one “sensitive” to hemolysis (i.e. PNH cells). In addi- 
tion, selective sensitivity to hemolysis was demonstrated, both in vitro and in vivo, 
for a significant proportion of reticulocytes, suggesting that there are sensitive and 
resistant populations emerging from the marrow (2-5). 

Strong evidence for the clonal theory of PNH stemmed from the work of Oni et 
al (14). In a black female PNH patient heterozygous for G-6-PD (i.e. type AB), the 
RBCs lysed in the acid hemolysis test were type B. It seems unlikely that the 
possession of G-6-PD type B per se renders the RBC more sensitive to the develop- 
ment of PNH, since (a) PNH has been commonly reported in Caucasians with a 
natural low incidence of type B, and (b) G-6-PD type A- RBCs have been shown 
to be sensitive to PNH hemolysis (14, 15). In a hemizygous male PNH patient this 
followed a priori, and in a heterozygous female (type AA~) this was demonstrated 
experimentally. In the hemizygous male there was no correlation between RBC 
G-6-PD activity and PNH hemolysis, i.e. as in uncomplicated PNH, the younger 
(vs older) RBCs were susceptible to hemolysis despite relatively more G-6-PD 
activity (15). Unfortunately for the sake of completeness, the residual unlysed RBCs 
in the patient of Oni et al (14) were not tested for G-6-PD type, and stronger in vitro 
hemolytic tests that might have lysed more RBCs were not employed (see Table 1). 

It is clear that the low AChE of PNH RBCs is not a direct cause of hemolysis 
since accidental, suicidal, and deliberate experimental exposure to anticholineste- 
rases has produced no evidence of hemolysis or of PNH erythrocytic defects (16). 
Nonetheless, using AChE deficiency as a possible clonal marker, Kunstling & Rosse 
showed that in PNH blood, aliquots of cells that hemolyzed in vitro had no AChE 
activity, whereas aliquots of nonhemolyzed cells had varying amounts of enzyme 
activity (17). 

We attempted to define this on a unit-cellular basis, since aliquots of RBCs might 
obscure the presence of small populations. This was carried out by doubly staining 
the RBC for hemoglobin (to assess hemolysis) and for AChE following PNH 
hemolytic reactions. In Table 1, column 4 shows that < 1.2% of AChE-positive 
cells were hemolyzed. In PNH case 5, with 99% enzyme-negative cells in the 
circulating blood, at the most only one half hemolyzed in the acid hemolysis test. 
By using progressively stronger hemolytic tests (5% and 10% serum in sucrose 
solution), virtually all of the AChE-negative erythrocytes were hemolyzed. Similar 
findings were noted in PNH case 2, with 68% AChE-negative cells in circulating 
blood. Again, at the most only one half the AChE-negative erythrocytes were 
hemolyzed in the acid hemolysis test. Stronger hemolytic tests again reduced this 
number sharply toward zero. Figure 1 illustrates the staining characteristics of the 
RBC doubly stained for hemoglobin and for AChE. Preliminary marrow studies 
showed roughly the same percentage of AChE-deficient normoblasts as AChE- 
deficient circulating RBCs in given PNH patients. 

The clonal hypothesis and association of PNH with aplastic anemia, myeloid 
metaplasia, and leukemia has spurred interest in PNH hemolytic tests in these and 
other disorders with the aim of uncovering “hidden PNH clones.” The association 
between PNH and aplastic anemia has been reviewed in detail (18). Acid hemolysis 


190 HARTMANN & ARNOLD 


and, more particularly, sucrose hemolysis tests have been positive in associated 
disorders, although frequently weak and without other evidence of classical, full- 
blown PNH (19-21). The resulting enigma has been characterized by Lewis & 
Sirchia as “PNH: Disease or defect?” (22). In some instances there may actually be 
marrow clones producing PNH or PNH-like RBCs in these other disorders. In other 
instances, insignificant trace hemolysis and lack of proper controls may have led to 
technical overreading, falsely designated a “PNH clone.” 





Table 1 Correlation of erythrocyte AChE and hemolysis in individual PNH red cells? 

















Before hemolysis After hemolysis 
AChE-negative > AChE-negative cells AChE-positive cells 
cells “Ghosts” Intact cells “Ghosts” Intact cells 
(%) (%) (%):. (%) (%) 
PNH Case 5 
Acid hemolysis 99.6 6.4 933 0 0.3 
98.8 50.8 48.8 0 0.4 
Sucrose hemolysis: 
5% serum 99.1 96.8 2.4 0 0.8 
99.3 94.9 4.2 0.2 0.7 
10% serum 99.4 98.4 0.8 0 0.8 
99.1 97.7 ~ 1.3 0 1.0 
PNH Case 2 
~ Acid hemolysis 69.0 6.3 65.3 0.1 28.3 
12.4 29.2 28.1 0.4 -42.3 
Sucrose hemolysis: ot : 
5% serum 70.3 $7.0 9.3 0.4 33.3 
63.0 50.3 9.6 1.2 38.9 
10% serum 64.9 59.7 4.5 1.2 34.6 
71.3 55.0 3.9 0.4 40.7 





aRed cells from two PNH patients were stained for AChE activity before and after 
being subjected to the hemolytic tests designated. Hemolysis was determined by counter- 
staining the cells for hemoglobin. The procedures were carried out on each patient on 
two occasions one month apart. Each figure represents the average of duplicates of 1000 
cell counts by two observers. 


OOOO LOL CC LLL S 
Figure 1 RBCs from reaction mixture following sucrose hemolysis test employing 5% serum 
in PNH Case 2. The RBCs were doubly stained for AChE and for hemoglobin. RBC AChE, 
a membrane-bound enzyme, is characterized by crystals or “needles” of reaction product. 
A= hemolyzed RBCs (“ghosts”) without stainable AChE; B = intact RBCs with stainable 
AChE; and C= intact RBCs without stainable AChE. In separate experiments it was shown 
that >99% of RBCs from normal blood were AChE-positive and that AChE staining persisted 
after distilled-water hemolysis. 
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A third alternative deals with a possible degree of nonspecificity of the sucrose 
hemolysis test for PNH. Five to ten percent serum in sucrose solution brings about 
maximum hemolysis of PNH cells (23). Increasing the serum concentration in the 
reaction mixture negates low ionic strength, the key feature of the sucrose hemolysis 
test. Thus, the percentage of hemolysis falls as more than 10% serum is added to 
the system. If, however, ions are removed from the serum by preliminary dialysis 
against sucrose, the serum concentration in the reaction mixture can be increased 
above 10% without abolishing low ionic strength. In this system, increasing the 
concentration of serum in the sucrose solution above 10% not only augmented the 
percentage of PNH cells hemolyzed, but actually brought about striking hemolysis 
of normal cells (23). Thus, since the central feature concerned with lysis of PNH 
RBCs is exquisite sensitivity to’ complement hemolysis, and normal cells can be 
hemolyzed by manipulation of the sucrose hemolysis system (23), it is scarcely 
surprising that a-variety of membrane defects might be associated with some in- 
creased sensitivity to complement and hence lead to positive PNH hemolytic tests 
on occasion. 

Rosse and his collaborators have studied PNH cells with respect to complement 
sensitivity with a test employing anti-I antibody (24-26). They have described three 
populations of circulating RBCs occurring in various combinations in PNH pa- 
tients: (a) markedly complement-sensitive cells, (b) slightly complement-sensitive 
cells, and (c) a complement-insensitive population indistinguishable from normal 
cells. However, using what may be more sensitive testing for PNH hemolysis and 
using RBC-AChE deficiency as a marker, we were able to obtain reasonably clear- 
cut separation into just two populations (Table I). 

There have been relatively few cytogenetic studies in PNH, and many purport to 
show no abnormalities (4, 27). However, most have been with lymphocytes cultured 
from peripheral blood. Marrow karotype studies would appear more cogent. In six 
of nine patients, marrow studies showed variable but significant cytogenetic abnor- 
malities (27). However, none demonstrated a Ph! chromosome as in CML. Like- 
wise, there has been no study of chromosomal patterns in those few cases developing 
leukemia. One group has reported loss of the Y chromosome in an elderly PNH 
patient.(27). Whether this denoted a pre-leukemic state or simply the effect of aging 
is not certain. The fact that not all cases of PNH showed marrow chromosomal 
changes in no way vitiates the concept of PNH as a clonal disorder, since chromo- 
some abnormalities may occur only late in the course of clonal selection (7). More 
systematic and serially applied PNH marrow cytogenetic studies seem in order. 

Observations that PNH leucocytes and platelets are also abnormal suggest a 
common stem cell disorder (4). However, unlike the situation with the PNH RBCs, 
there is no evidence of dual populations of PNH leucocytes and PNH platelets (4). 
This may, however, be due to the lack of adequate techniques. Unfortunately, this 
problem cannot be approached readily using AChE as a marker. Human platelets ` 
do not have cytochemically demonstrable AChE, and biochemical assessment yields 
only very low values. To date we have been unable to stain human leucocytes for 
AChE. Curiously, in PNH, as in CML, there is depressed leucocyte alkaline- 
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phosphatase activity, but two populations of white cells have not been defined on 
this basis. 

The clonal nature of PNH may provide a useful model for further study. As with 
CML, such studies may shed further light on the microevolutionary theory of 
“tumor progression in slow motion.” PNH is a chronic disorder with an increasing 
number of patients with a greater than 10-year survival and with some “burned out” 
cases (2-5). Thus progression and even regression may provide clues to the study 
of clonal evolution. Obviously crucial to all of this will be the extension of studies 
to leucocytes as well as to marrow normoblasts in terms of AChE deficiency and 
complement sensitivity. Further study of PNH as a postulated clonal disorder. may 
yield a fund of knowledge proportionately rich beyond the importance of this rare 
disorder in itself. 


CONCLUSION 


1. Clonal theories of disease, particularly progressive clonal growth and selection 
in tumorogenesis, were briefly cited. 

2. Evidence for the clonal nature of PNH was presented. Correlation of red cell 
hemolysis with (a) G-6-PD type in two female G-6-PD mosaics with PNH and 
with (b) erythrocyte acetylcholinesterase deficiency, provides strong evidence for 
the clonal theory of PNH. 

3. Possible pitfalls in defining “hidden PNH clones” in other diseases by the use of 
PNH hemolytic tests were discussed. 

4. The potential of PNH as a study model for clonal evolution in human disease 
was emphasized. 
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INTRODUCTION? 


The subject of this review has received much attention during the last ten years. It 
has also been the object of considerable confusion and controversy. Much of the 
controversy is related to differing premises upon which classification has been based, 
and some to technical problems of lipoprotein analysis. Recent advances make it 
possible in some cases to replace plasma-phenotyping in individuals and kindred, 
with determination of abnormalities linked directly to abnormal gene products. In 
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*Glossary and abbreviations: 

1. Abbreviations for lipoprotein classes and their electrophoretic equivalents are as follows: 
chylomicrons (same); very low-density lipoproteins VLDL (pre-beta); low-density lipo- 
proteins—LDL (beta); high-density lipoproteins HDL (alpha). 

2. The terms hyperlipidemia and hyperlipoproteinemia can be taken as synonymous, because 

essentially all the major plasma lipids are in macromolecular aggregates containing specific 

proteins. Hyperlipemia refers'to conditions characterized by lactescence in serum or plasma 
obtained in the post-absorptive state owing to increased concentration of i aioe 

lipoproteins (chylomicrons and VLDL). 

Exogenous, endogenous, and mixed hyperlipemia are generic terms denoting iheréased 

concentrations of chylomicrons (carrying dietary lipids), VLDL (mainly carrying hepatoge- 

nous lipids), and both, respectively. 

4. Hypercholesterolemia, hypertriglyceridemia, and combined hyperlipidemia refer to eleva- 
tions involving the major cholesterol-rich lipoproteins (LDL), triglyceride-rich lipoproteins 
(VLDL), and both, respectively. Familial combined hyperlipidemia also refers to a disorder 
in which LDL, VLDL, or both may be elevated—a better designation is probably familial 
multiple lipoprotein-type hyperlipidemia. 

5. The other familial disorders discussed are familial lipoprotein lipase deficiency, familial 
hypercholesterolemia (owing to LDL-receptor abnormalities), and familial dysbetalipo- 
proteinemia (denoting accumulation of remnant-like, triglyceride-rich lipoproteins). 
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the following, I summarize the developments that have led to our current state of 
knowledge, emphasizing the primary hyperlipidemias, and attempt to indicate the 
extent to which classification can assist in the management of patients with these 
disorders. 


CLASSIFICATIONS BASED PRIMARILY UPON ANALYSIS 
OF PLASMA LIPIDS AND LIPOPROTEINS 


The modern era of classification began with the publication by Gofman and his 
associates of a method to categorize individuals on the basis of absolute and relative 
concentrations of plasma lipoproteins of density <1.063 g/ml as determined by 
analytical ultracentrifugation (1). Subsequently, methods were developed for quan- 
titative analysis of lipid and protein components of major lipoprotein classes 
separated by preparative ultracentrifugation (2, 3), thus providing for direct 
comparisons between the concentration of components such as cholesterol and 
triglycerides in individual lipoprotein classes and their concentration in serum (4, 
5). With the development of direct methods for the measurement of triglycerides 
in serum (6,7), it became possible to relate easily the concentrations of serum 
cholesterol and triglycerides to the content of the major cholesterol-rich lipoproteins 
[low-density lipoproteins (LDL)—density limits between 1.006 and 1.063 g/ml] and 
the major triglyceride-rich lipoproteins [very low-density lipoproteins (VLDL)— 
density less than 1.006 g/ml]. These developments led to the first practical method 
for evaluating lipoprotein concentrations by relatively simple techniques to permit 
categorization of patients who had elevated concentrations of LDL (high choles- 
terol, normal triglycerides), of VLDL (high triglycerides, normal cholesterol), or 
combined elevation of these two lipoprotein classes (high cholesterol and triglycer- 
ides) that were considered to be associated with the development of atherosclerotic 
diseases (8). Particles representing dietary fat in transport (chylomicrons) could be 
detected by the formation of a creamy layer at the top of a stored sample of serum, 
particularly when it was stored in a refrigerator (3), whereas the other triglyceride- 
rich lipoprotein class (VLDL) remained evenly dispersed. 

At about the same time as these developments occurred, it became evident that 
the major lipoprotein classes can also be separated by electrophoresis and that when 
stained with fat-soluble dyes after separation on a supporting medium such as paper, 
LDL have beta mobility and VLDL, pre-beta mobility (9, 10). The other major 
lipoprotein class, the high-density lipoproteins (HDL), has alpha-1 mobility; 
chylomicrons fail to migrate on paper because of their large size. Technical improve- 
ments in paper electrophoresis (11) led, in the mid-1960s, to a formal proposal for 
“phenotyping” familial hyperlipoproteinemias without use of the ultracentrifuge, 
based upon paper electrophoresis and measurement of cholesterol and triglyceride 
in blood serum obtained in the postabsorptive state (when chylomicrons are nor- 
mally absent) (12). Shortly thereafter, the system was modified (13) and eventually 
it was expanded to include six types, three of which were characterized by elevation 
of a single lipoprotein class (types I, II-A, and IV), two by elevation of two classes 
(II-B and V), and one by an abnormal electrophoretic pattern with VLDL of beta 
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rather than pre-beta mobility (14). This system became used widely and lipoprotein 
electrophoresis became a routine clinical tool along with quantitative analysis of 
serum cholesterol and triglycerides. Where hyperlipidemia was primary, this was 
accompanied by a widespread tendency to equate the phenotype determined in this 
manner with a specific genetic disorder. Although the originators of this typing 
system recognized that some of the phenotypes might be genetically heterogeneous, 
this tendency was reinforced by the proposal that specific diets are indicated in the 
treatment of each phenotype (15) and, perhaps, by the authority associated with 
Roman numerals as applied to genetic diseases, such as the glycogenoses. It rapidly 
became apparent, however, that a given phenotype seldom defines a single genotype. 
First, the phenotypes are mutable (16), a phenomenon to be expected particularly 
because of precursor-product relationships in the metabolism of VLDL and LDL 
and the large effects of diet on VLDL transport (16). Thus ingestion of large 
amounts of certain foods, particularly carbohydrates and ethanol, can increase 
VLDL levels substantially in ostensibly healthy, normolipidemic. individuals (17- 
20), producing the phenotype “IV.” Second, it was evident that at least one type 
(ID results not only from the dominantly transmitted disorder of familial hyper- 
cholesterolemia, but also from other, less well-defined disorders in which elevated 
levels of LDL are the primary expression (21). More recent investigations, to be 
described later, have greatly extended such observations, and it is now evident that 
in one of the most common familial groupings of hyperlipoproteinemia, elevations 
of LDL and VLDL, singly and in combination (types IT-A, II-B, and IV) all occur 
with about equal frequency (22-24). 

An additional problem with the original method used to define these six types is 
the inadequacy of paper electrophoresis. The patterns observed with the standard 
qualitative method are frequently nondiagnostic (25). One reason is that some 
individuals have a pre-beta band that usually migrates more slowly than VLDL and 
sediments at the density used to separate VLDL by flotation (26): “sinking pre-beta” 
(density limits 1.05-1.09 g/ml). This lipoprotein, which contains a distinct apo- 
protein [Lp (a)] and is evidently inherited as a quantitative trait (27), tends to be 
more prominent in hyperlipidemic subjects and in individuals with coronary heart 
disease (28, 29). In addition, recent studies have shown that many individuals have 
two pre-beta bands, both VLDL, one with the usual mobility and the other with 
slightly reduced mobility (30-32). The latter has characteristics suggesting that it 
may be a partially degraded triglyceride-rich lipoprotein (“remnant” particle), re- 
sembling the abnormal lipoprotein found in individuals with primary dysbetalipo- 
proteinemia (type III), as described later (32). In such individuals the separation 
between beta and pre-beta lipoproteins may be indistinct, as it is in those with the 
type III (“broad beta”) disorder, so that many samples labeled “type III” are not. 
A similar pattern may also be seen in hyperlipemic individuals at a time when 
triglyceride levels are falling rapidly. 

Beyond these qualitative problems, paper electrophoresis and similar techniques 
using other supporting media such as agarose gel cannot, as ordinarily applied, be 
used to quantify lipoprotein concentrations. For all of these reasons, many research 
laboratories continue to use preparative ultracentrifugation to measure components 
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(usually cholesterol and triglycerides, by automated methods) of the major lipo- 
protein classes (33-35). 

Alternative approaches to quantitative evaluation of lipoprotein concentrations 
have been proposed. One is based upon estimation of the major lipoprotein classes 
separated by agarose-gel electrophoresis together with measurements of serum cho- 
lesterol and triglycerides (36, 37). Another uses membrane ultrafiltration and ne- 
phelometry, together with estimation of serum cholesterol, to assess LDL, VLDL, 
and chylomicrons in terms of small, medium, and large particle distributions with 
construction of an “SML profile” as the basis for phenotyping (38, 39). Generally 
speaking, the need for quantification of chylomicrons is limited and VLDL concen- 
trations can almost always be estimated closely from the serum triglyceride level 
(35). A major purpose of these simpler systems, therefore, is estimation of the 
concentration of LDL (“beta quantification”). The precision of the simpler methods 
can usefully be compared with estimates that can be obtained from analysis of serum 
cholesterol and triglycerides alone. LDL-cholesterol, for example, can be estimated 
(33) as: 


serum cholesterol — (serum triglycerides/5 + 45), 


with a rank-order correlation coefficient of 0.89 (35). In this calculation, a normal 
composition of VLDL and an invariant value for HDL-cholesterol are assumed. The 
estimate of LDL-cholesterol from serum cholesterol and triglycerides can be im- 
proved (to a correlation coefficient on the order of 0.93) by using regression equa- 
tions that take into account the systematic relationship between the concentration 
of HDL-cholesterol and the serum triglyceride concentration (35) (separate equa- 
tions are used for the two sexes to take the higher HDL levels in women into 
account). Excellent precision can be achieved with this approach in subjects with 
serum triglycerides <400 mg/dl, by measuring HDL-cholesterol directly in serum 
after precipitation of all other major lipoprotein classes with heparin and Mn?* (33, 
40). When this is done, only a normal relationship between serum triglycerides and 
VLDL-cholesterol need be assumed. A related approach additionally utilizes 
sodium dodecyl sulfate to separate VLDL (41). Except for the last, none of these 
methods is satisfactory for those individuals with primary dysbetalipoproteinemia, 
because the cholesterol:triglyceride ratio in the abnormal VLDL of this disorder is 
closer to 1:1 than to the normal value of about 5:1. 

An approach to classification of the various types of hyperlipidemia that ignores 
the problem of “beta-quantification” is based simply upon measurement of choles- 
terol and triglycerides in serum and detection of chylomicrons in refrigerated serum 
by their property of “creaming out” (42). It is particularly useful to indicate whether 
individuals have endogenous hyperlipemia (increased VLDL), exogenous hyper- 
lipemia (increased chylomicrons), or mixed hyperlipemia (chylomicrons + VLDL) 
without the necessity of electrophoresis. With this method, the existence of accom- 
panying increase in LDL is not specified, but can be estimated by one of the methods 
described above when hypercholesterolemia is also present. 

In addition to the problems already enumerated, a major limitation of lipoprotein 
phenotyping is the arbitrary definition of normal limits. This is a necessitated by the 
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fact that concentrations of LDL and VLDL are continuously distributed in human 
populations. Assignment of limits of normal that differ only slightly can greatly 
influence the relative as well as the absolute prevalence of each of the three major 
phenotypes that involve these two classes (43, 44). As described below, this fact 
complicates the analysis of inheritance of hyperlipidemias. In part, the problem is 
related to the large nongenetic influences upon lipoprotein concentrations and it has 
no apparent practical solution. For example, it is difficult to place individuals upon 
standard diets that maintain constant body weight for a substantial period before 
measurements are made. Even if this is done, the continuing influences of obesity 
still remain uncontrolled. 

A quite distinct approach to phenotyping is based upon measurement of the 
concentration of specific apoproteins in plasma and in lipoproteins. Thus quantita- 
tive immunochemical analysis of apolipoprotein B (which is almost the only apo- 
protein in LDL as well as a major apoprotein component of VLDL) in plasma might 
better distinguish individuals with abnormalities that are variably expressed as 
elevations of VLDL, LDL, or both. For example, some individuals with endogenous 
hyperlipemia and normal levels of LDL have increased concentrations of apo-B 
in plasma, whereas others do not (45). However, this approach may not surmount 
the problem posed by nongenetic influences on lipid transport because they can 
influence apoprotein levels as well. 


CLASSIFICATION BASED UPON THE FAMILIAL 
DISTRIBUTION OF LIPIDS AND LIPOPROTEIN 
CONCENTRATIONS 


This approach to classification of primary hyperlipidemias antedates lipoprotein 
phenotyping and has much to commend it. In two disorders, the dominant form of 
familial hypercholesterolemia with tendon xanthomatosis and the Biirger-Griitz 
syndrome (42), identification of simple patterns of inheritance of discrete lipoprotein 
abnormalities has permitted a clear-cut nosology. These disorders, in which hyper- 
lipidemia is invariably pronounced, account for only a small fraction of the primary 
hyperlipidemias. In most cases the hyperlipidemia is mild and variable in its expres- 
sion. A major advance with this approach has been provisional definition of a new 
form of hyperlipidemia (22-24). In one extensive study of hyperlipidemic survivors 
of myocardial infarction (22), three disorders that were considered to be inherited 
as dominant traits were identified among about 60% of the kindred. Familial 
hypercholesterolemia, characterized by dominant inheritance of an approximately 
twofold increase in LDL level, and familial hypertriglyceridemia, in which increased 
levels of VLDL occurred in almost 50% of individuals older than 25 years, ac- 
counted for somewhat less than one half of these. In most of these families, hyper- 
lipidemia occurred in almost 50% of members older than 25 years, but no single 
pattern predominated, with variable involvement of VLDL and LDL (familial 
combined hyperlipidemia). The inheritance pattern, taking all hyperlipidemic sub- 
jects together, was felt to be most consistent with a dominant trait, although reasons 
to question this conclusion have been presented (46). The syndrome of combined 
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hyperlipidemia (also called multiple-type hyperlipoproteinemia (24)), was identified 
as a familial form of hyperlipidemia in two other studies reported about the same 
time (23, 24). In view of the metabolic interrelationship between VLDL and LDL 
mentioned earlier, it is not unreasonable for a single defect to be expressed differ- 
ently, owing to variability of nongenetic influences upon rates of lipid transport or 
because of the influence of other genes upon the relationship. 

Because of the problems posed by the continuous distribution of LDL and VLDL 
levels in the population and the important nongenetic influences upon lipoprotein 
concentrations, especially of VLDL, genetic analysis, except in the severe form of 
familial hypercholesterolemia with xanthomatosis, is difficult. In individual patients, 
secondary hyperlipidemias must of course be excluded. In doing so, it must be kept 
in mind that these may also be expressed variably. For example, hypothyroidism 
is usually accompanied by elevation of LDL, but triglyceride levels may also be 
increased, frequently with a predominance of particles that resemble remnant lipo- 
proteins (47, 48), The accumulation of the remnant-like particles characteristic of 
primary dysbetalipoproteinemia is also very sensitive to thyroid status (49). Variable 
patterns are also seen in uncontrolled diabetes (50, 51) and in the nephrotic syn- 
drome (4). 

A more subtle probiem is posed by the aggravation of hyperlipidemias produced 
by ingestion of ethanol or of various drugs. Both ethanol and contraceptive steroids, 
for example, increase VLDL levels moderately in ostensibly normolipidemic sub- 
jects, but they can cause striking hyperlipemia (endogenous or mixed) in subjects 
with preexisting mild endogenous hyperlipemia (52-55). Sever hyperlipemia 
can also occur when diabetes mellitus and familial endogenous hyperlipemia 
coexist (54). In these common situations, nature and nurture interact in a way that 
blurs the distinction between “primary” and “secondary” hyperlipidemia. It seems 
likely that similar interactions influence the extent to which a variety of secondary 
hyperlipidemias are expressed. 

Not all primary forms of hyperlipidemia can be shown to be aggregated in families 
in the manner described above. Available data suggest that such “sporadic” or 
“polygenic” expressions of hyperlipidemias are more frequent than those that are 
“monogenic” (22), but systematic investigations of unselected populations in this 
respect have not been made. 


CLASSIFICATION BASED UPON IDENTIFICATION 
OF ABNORMAL GENE PRODUCTS 


For the familial disturbances that involve plasma lipoproteins primarily, the ulti- 
mate classification is of course one based upon identification of a gene product 
responsible for a specific abnormality. This aim appears to have been fulfilled in two 
cases thus far. First, the syndrome of familial exogenous hyperlipemia appears in 
almost all cases to result from deficient activity of the enzyme lipoprotein lipase, 
which catalyzes the rate-limiting step in plasma-triglyceride transport (56). The 
pattern of inheritance of this rare disorder is autosomal recessive (57). Second, the 
severe form of familial hypercholesterolemia appears to result from abnormalities 
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of a high-affinity receptor on cell surfaces that recognizes certain classes of plasma 
lipoproteins, especially those containing the B-apoprotein, including LDL (58). 
Fibroblasts from heterozygous individuals generally have one half of the normally 
functional complement of these “LDL-receptors,” but in some cases the receptor 
is defective, with a reduced capacity to bind LDL (59). The heterozygous condition 
is common, existing in 0.1-0.5% of the population (22, 57). The homozygous state 
is very rare, accompanied by much greater elevations of LDL and more severe and 
earlier atherosclerotic disease with extensive xanthomatosis (57). Some severe cases 
may represent combined heterozygotes for receptor-deficient and receptor-defective 
mutants (59). : . 

A third disorder in which a single abnormal gene product now seems likely is 
primary familial dysbetalipoproteinemia (type III hyperlipoproteinemia, broad-beta 
or floating-beta disease). This disorder is probably more common than is generally 
realized, because its expression as hyperlipidemia generally requires the presence of 
obesity (60) or hypothyroidism (49). It has seldom been diagnosed in children and 
is rare in premenopausal females (57), perhaps because of a depressant effect of 
estrogens on the accumulation of the remnant-like VLDL particles that characterize 
this. disorder (61). Various methods have been proposed to identify the abnormal 
VLDL. These include a ratio of cholesterol to triglycerides in VLDL exceeding 0.42 
(62) and a ratio of VLDL-cholesterol to serum triglycerides exceeding 0.30 when 
serum triglyceride concentration is between 150 and 1000 mg/dl (63). Another 
approach is demonstration of the reduced (beta) mobility of the abnormal particle, 
but the distinction from individuals with an extra-slow pre-beta VLDL band is not 
always certain (32). Because all of these methods require preparative ultracentrifu- 
gation, others have been proposed (64-67), but they have not been widely used. The 
reduced mobility of the abnormal VLDL is the result of a lower content of certain 
apoproteins. (““C” apoproteins) and increased content of an arginine-rich protein 
normally present in considerably smaller proportions in the protein moiety of 
VLDL (47, 68). This observation has raised the possibility that the content of this 
protein in VLDL or in serum might better distinguish the disorder, particularly if 
it were related to the concentration of other components of VLDL. Recently, it was 
reported that three electrophoretic components of the arginine-rich protein are 
separable‘by polyacrylamide-gel electrophoresis using the technique of isoelectric 
focusing (69) and that one of them is grossly deficient or absent in individuals with 
primary dysbetalipoproteinemia (70). This observation, which has been confirmed 
(Havel, unpublished observations), raises the possibility that this abnormality may 
reflect the abnormal gene product. If so, evaluation of close relatives of affected 
individuals should demonstrate whether, as has been proposed (60, 71), the disorder 
is transmitted as an autosomal dominant. At any rate, this apoprotein abnormality 
appears to provide an excellent new diagnostic tool and should help to define the 
prevalence of this not-uncommon disorder. 

Identification of abnormal gene products would also determine whether the disor- 
ders defined as familial hypertriglyceridemia and familial combined hyperlipidemia 
are monogenic and dominantly transmitted or, alternatively, if they have a more 
complicated etiology. The fact that their expression is usually delayed until adult 
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life suggests that abnormal regulation of a transport process may be involved. For 
example, VLDL levels in individuals with familial hypertriglyceridemia may be 
normal when rates of endogenous triglyceride transport are low. Either abnormali- 
ties of removal capacity or failure to adapt this capacity to increased transport rates 
may result in the expression of endogenous hyperlipemia. High-carbohydrate diets 
increase VLDL-triglyceride transport (72) and tend to produce a transient endoge- 
nous hyperlipemia in most individuals, which usually lasts for several weeks and 
then subsides (19), suggesting the possibility that an adaptive increase in removal 
capacity has occurred. Restriction of dietary carbohydrates, particularly if accom- 
panied by weight loss in obese subjects with primary endogenous hyperlipemia, 
often results in a return to normal levels of VLDL, a result consistent with either 
of the possibilities mentioned above. 


THERAPEUTIC CLASSIFICATION OF HYPERLIPIDEMIA 


A major argument for separation of patients with primary hyperlipidemia according 
to the lipoprotein-phenotype is that it provides the basis for more effective therapeu- 
tic regimens based upon the lipoprotein class (or classes) involved. An approach to 
dietary treatment based upon phenotype has been devised from the substantial 
experience at the National Heart and Lung Institute (15, 73). Thus a lower intake 
of cholesterol is recommended for individuals with elevated levels of LDL than for 
those with increased VLDL. Different amounts of carbohydrates and simple sugars 
are also recommended for the various types, but except in the case of exogenous 
hyperlipemia, reduction of saturated fats and increased intake of polyunsaturated 
fats is advised for all. Other experienced therapists believe that a single “prudent” 
diet, restricted in cholesterol and saturated fats, with calories adjusted according to 
body size and the presence of obesity, provides a satisfactory approach to dietary 
` management (74). A somewhat different approach that uses different diets for 
patients with elevated cholesterol than for those with elevated triglycerides (with or 
without elevated cholesterol) can be applied to all situations except the very rare 
familial exogenous hyperlipemia (16). Patients with elevated cholesterol are given 
a diet low in cholesterol and saturated fats. For those with elevated triglycerides, 
caloric restriction to achieve ideal weight on a balanced diet is used. Specific restric- 
tion of ethanol, and sometimes of simple sugars, may also be needed. This diet may 
be applied successfully to patients with four lipoprotein phenotypes, including those 
with mixed hyperlipidemia (chylomicrons plus VLDL). When cholesterol level 
remains elevated after weight reduction, cholesterol and saturated fats must of 
course be restricted. Unfortunately, no systematic comparison of these different 
dietary approaches to hyperlipemia has been made, but it is evident that the latter 
two do not require lipoprotein phenotyping. 

Different drugs are indicated for patients with elevated cholesterol (LDL) or 
triglyceride (VLDL) levels that do not respond adequately to diet (16, 73, 75, 76). 
However, phenotyping does not usually help in the choice of drug and, in one 
situation, selection of drug solely on the basis of phenotype is inadequate. Thus, bile 
acid-binding resins are needed to reduce cholesterol levels to near normal in patients 
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with heterozygous familial hypercholesterolemia (73, 76). This class of drugs is also 
effective in the many other patients with milder elevations of LDL, but in them 
p-chlorophenoxyisobutyrate (clofibrate) may also be quite effective (76) and is much 
easier to take, as well as cheaper. Clofibrate may also be used in diet-unresponsive 
patients with hypertriglyceridemia, but it may be ineffective in reducing concomi- 
tant hypercholesterolemia (75, 76) and an empirical approach must generally be 
used. Patients with primary dysbetalipoproteinemia (type III) are very responsive 
both to diet and clofibrate (73, 76), so that identification of this disorder is a 
guarantee of the efficacy of treatment. Most such patients that come to the attention 
of physicians have characteristic tuberoeruptive or planar xanthomata, so that the 
diagnosis can be established “bloodlessly” (16). If the diagnosis is missed by failure 
to apply the specialized techniques described above, the therapeutic approaches 
applicable to patients with combined hyperlipidemia will still be successful. 

In one respect, classification that goes beyond simple measurement of serum 
cholesterol and triglycerides can be highly recommended. About 1% of men and 
6% of women have HDL-cholesterol levels above 100.mg/dl [i.e. levels higher than 
are predicted from regression equations relating HDL-cholesterol to serum trigly- 
cerides (35)]. Such individuals obviously, can have mild elevations of serum choles- 
terol with normal levels of LDL-cholesterol and serum triglycerides (individuals 
with triglyceride levels exceeding 200 mg/dl rarely have high HDL-cholesterol 
levels). Some evidence suggests that increased levels of HDL may be genetically 
determined (familial hyperalphalipoproteinemia) (77, 78) and evidence is emerging 
that high levels of HDL may be associated with reduced risk of atherosclerotic 
disease (79). If this is so, routine measurement of HDL-cholesterol, as well as serum 
cholesterol and triglyceridés, may become routine in the “therapeutic classification” 
of hyperlipidemia. Measurement of HDL-cholesterol is simple and also permits 
reliable estimation of LDL-cholesterol in almost all individuals. 

A final and fairly obvious point, with respect to the value of therapeutic classifica- 
tion of hyperlipidemia, is that it is the lipid or lipoprotein concentration that is 
decisive. Thus the decision to use drugs to treat hypercholesterolemia obviously 
depends upon the level of cholesterol in “atherogenic” lipoproteins (LDL and 
VLDL), recognizing that risk of atherosclerotic disease is a graded function of 
cholesterol level (80). The decision to use drugs to treat hypertriglyceridemia must 
take into account the conflicting evidence for the atherogenicity of isolated eleva- 
tions of VLDL (80-83) and also the danger of pancreatitis when triglyceride levels 
(in VLDL and chylomicrons) exceed 1500-2000 mg/dl (42). 


CURRENT STATUS OF CLASSIFICATION AND PROSPECTUS 


For the physician responsible for identification and treatment of patients with 
hyperlipidemia, it now seems to be the consensus that relatively simple laboratory 
methods almost always suffice. Thus measurement of cholesterol and triglyceride in 
serum obtained in the postabsorptive state, with examination of refrigerated serum 
for chylomicrons, is generally considered to provide the basis for screening and for 
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separation of patients into major therapeutic groups (84-88). Lipoprotein electro- 
phoresis, formerly given great emphasis, is now felt to be unimportant (85, 86) or 
virtually irrelevant (87, 88) in clinical practice. 

This change in emphasis reflects more than the technical limitations of lipoprotein 
electrophoresis. It recognizes that identification of specific lipoprotein classes is by 
itself an insufficient basis for classification (16, 43, 44, 84-91). Thus lipoprotein 
phenotyping has been replaced by emphasis on familial aggregations of hyper- 
lipidemia, which have mainly a genetic basis. 

However, identification of specific genetic disorders, except for familial lipo- 
protein lipase deficiency (with exogenous hyperlipemia), familial LDL-receptor 
abnormalities (with hypercholesterolemia), and possibly familial dysbetalipo- 
proteinemia, remains difficult. Most patients with primary hypercholesterolemia or 
hypertriglyceridemia and those with combined hyperlipidemia cannot be assumed 
to have familial disorders in the absence of extensive investigations of close relatives 
(85, 88). Nor can the nature of a putative familial disorder be assumed when a 
patient with mild primary hypercholesterolemia or hypertriglyceridemia is identi- 
fied. Thus, for most patients with primary hyperlipidemia, the proper designation 
would seem to be primary (hypercholesterolemia, hypertriglyceridemia, or com- 
bined hyperlipidemia), unclassified. Where possible, and particularly when severe 
hypercholesterolemia is present, systematic evaluation of lipid levels in close rela- 
tives is felt to be justified because prophylactic measures can then be applied (88). 

It is widely recognized that evaluation of hyperlipidemia must take the various 
secondary forms into account, but due recognition must now be given to the fact 
that many patients who come to the attention of physicians, particularly with 
hypertriglyceridemia, have a primary hyperlipidemia that has been aggravated by 
additional factors (52-55, 92). Thus an appropriate classification may be primary 
hypertriglyceridemia, unclassified, associated with (obesity, alcoholism, diabetes 
mellitus, exogenous estrogen, etc). 

From the therapeutic standpoint, the difficulty with respect to identification of a 
specific familial disorder is not necessarily unfortunate, because the current state of 
the art permits reasonably satisfactory management of the common “mild” hyper- 
lipidemias on a generic basis (16, 74, 84, 92). This state of affairs may, however, 
change drastically in the future as the etiology of specific familial hyperlipidemias 
is uncovered. For example, the discovery of the LDL-receptor and its deficiency in 
the severe form of familial hypercholesterolemia has pointed to new possibilities for 
treatment that are more directly related to the genetic defect (58). 

A recent review of the genetically determined hyperlipidemias provides a useful 
classification based upon present knowledge (92). Table 1 shows a pragmatic classifi- 
cation of primary hyperlipidemias that includes the frequent situation in which data 
from families are unavailable or do not permit more specific categorization. It must 
again be emphasized that “hypercholesterolemia” implies elevation of LDL and that 
measurement of HDL-cholesterol may be required to exclude hyperalphalipo- 
proteinemia. 

New discoveries of the etiology of hyperlipidemias are likely to include genetic 
disorders of the apoprotein components of lipoproteins as well as of their metabo- 
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Table 1 The primary hyperlipidemias 








Type Cholesterol tevel 
Exogenous hyperlipemia 
familial lipoprotein lipase deficiency 
unclassified 


Triglyceride level 








elevated (creamy layer, infranatant 


normal to elevated serum usually clear) 


Endogenous and mixed hyperlipemia 
familial hypertriglyceridemia® 
familial multiple lipoprotein-type hyperlipidemia 
unclassified 


elevated (creamy Jayer with turbid 
infranatant serum defines mixed 
forms) 


normal to elevated 


Hypercholesterolemia 
familial LDL-receptor deficiency 
familial LDL-receptor defect 
familial multiple lipoprotein-type hyperlipidemia 
polygenic hypercholesterolemia 
unclassified 
exogenous hypercholesterolemia? 

Combined hyperlipidemia 
familial multiple lipoprotein-type hyperlipidemia \ 
familial dysbetalipoproteinemia ; 4 
unclassified f. 


elevated normal 


elevated elevated | 





aSome have defined separate endogenous and mixed forms of familial hypertriglyceridemia (57); diabetes mellitus 
usually accompanies the mixed form,-which makes its distinct nature uncertain. 
Hypercholesterolemia owing to excessive dietary cholesterol. 


lism. Additional receptors, particularly for remnant forms of triglyceride-rich lipo- 
proteins, and the complex lipoprotein lipase system seem particularly attractive as 
loci of regulatory abnormalities. More research on the metabolism of lipoprotein 
classes that have not been directly linked to atherogenesis may show interactions 
that influence the concentration of VLDL and LDL. The extremely rare hyper- 
lipidemia associated with deficiency of lecithin-cholesterol acyltransferase (93) may 
be a prototypical example. The association between a slow pre-beta lipoprotein 
[presumably the Lp (a) lipoprotein], coronary heart disease, and hyperlipidemia (28, 
29, 94) could represent another. Further measurements of the concentration of these 
lipoproteins and of specific apoproteins in relation to familial aggregations of hyper- 
lipidemia may provide new etiological clues. Finally, search for linkage of specific 
familial forms of hyperlipidemia to genetic markers may help to separate new 
genotypes. 
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Surgical patients who require general anesthesia may experience a variety of pulmo- 
nary complications. The seriousness of these problems is reflected in a report that 
13.1% of postoperative deaths are secondary to pulmonary pathology (1). Since 
hypoxemia, the most frequent physiologic alteration due to lung disease in the 
perioperative period, exerts its effect on other organs, the morbidity and mortality 
secondary to pulmonary complications may be grossly underestimated. 

The most frequent pulmonary complications of general surgery can be classified 
as hypoxemia, atelectasis, aspiration of gastric contents, thromboembolism, and 
respiratory failure in patients with preexisting severe pulmonary disease. Each of 
these complications is briefly reviewed. 


HYPOXEMIA 


The magnitude of hypoxemia following general surgery was first demonstrated by 
Nunn & Payne (2) in 1962. In a group of normal persons they found the mean 
arterial oxygen tension (Pao2) while breathing room air to be 58 mm Hg in the 
immediate postoperative period; the lowest Pao, recorded was 31 mm Hg. Signifi- 
cant hypoxemia persisted for the 24 hours of study, although no recognized pulmo- 
nary complications such as atelectasis existed. These results have been confirmed by 
other investigators (3, 4), and it has been estimated that hypoxia is responsible for 
half of the deaths associated with anesthesia (5). 


Mechanisms of Hypoxemia 


Although the data are not definitive (6, 7) it is likely that two interrelated mecha- 
nisms lead to hypoxemia in the perioperative period. One mechanism is diffuse 
microatelectasis, a process originally observed by Mead & Collier (8). These investi- 
gators noted that anesthetized dogs breathing in a normal tidal volume range had 
a progressive fall in lung compliance, which was rapidly reversed toward control 
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values following forced inflations of the lung. The decreased tidal volume delivered 
by any given inflation pressure could be explained by multiple areas of atelectatic 
lung. The appearance of the lungs at postmortem examination supported this con- 
cept. They suggested that their findings could explain the decreased compliance 
previously reported in anesthetized compared to awake patients (9). Ferris & Pol- 
lard (10) demonstrated that a similar fall in compliance occurred in normal, unanes- 
thetized humans who voluntarily breathed at normal but monotonously regular 
tidal volumes. Compliance returned to normal when the subjects were allowed to 
take large tidal volumes. Subsequently, microatelectasis has been related to the 
oxygenation of surgical patients (11-14). Patients who are not periodically hyperin- 
flated to larger than normal resting tidal volumes become hypoxemic, but oxygena- 
tion, like compliance, can be restored to normal by large tidal volumes. 

A second mechanism of hypoxemia during the perioperative period relates to 
differences in the regional distribution of ventilation in the lung. This process is 
closely related, but not precisely the same, as diffuse microatelectasis. The concept 
of regional differences in ventilation was originally proposed by West & Dollery (15) 
and has been studied in detail by investigators at McGill University (16-18). There 
is a gradient in pleural pressure down the lung so that the more superior parts of 
the lung are subjected to a more subatmospheric pressure. This gradient in pleural 
pressure is apparently partly gravity-dependent and is related to the weight and to 
the regional distortion of the lung. Thus, in an upright person, when the entire lung 
is at its resting volume [functional residual capacity (FRC)], apical lung units are 
at 60% of their total capacity, while units at the bottom of the lung are expanded 
to only 30% of their total capacity. At lung volumes less than FRC, the pleural 
pressure in dependent regions may exceed atmospheric pressure, leading to closure 
of airways in dependent lung regions with gas trapping behind the closed airways. 
The lung volume at which airways begin to close is referred to as the closing volume 
(CV) (19). Airway closure occurs very near residual volume in young, healthy 
persons, but occurs at larger lung volumes with advancing age (20). 

The relationship between CV and FRC is an important determinant of matching 
of ventilation and blood flow, and hence an important determinant of arterial 
oxygenation. If airway closure occurs at a lung volume above FRC, the alveoli 
served by the closed airways do not receive normal ventilation. Functional residual 
capacity decreases from an upright to a supine position, due to an encroachment 
on the thorax by abdominal viscera (21); therefore this change is more marked in 
obese persons. The decrease in FRC is accentuated by surgical postures such as 
lithotomy (22). In addition, for reasons that are not clear, general anesthesia causes 
a reduction in FRC (23). This decrease in FRC occurs immediately after onset of 
anesthesia, is not progressive, remains postoperatively, and is not accompanied by 
a decrease in closing volume. Hence, dependent airway closure may contribute to 
arterial hypoxemia when an anesthetized or postoperative patient is ventilated with 
tidal volumes that are not large enough to reopen airways. 


Premedication 


Atropine is commonly administered preoperatively to minimize respiratory secre- 
tions. Although atropine causes several changes in pulmonary function (24), it does 
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not lead to preoperative hypoxemia (24, 25). Similarly, preanesthetic doses of bar- 
bituates do not alter Pao, (26). Preoperative narcotic agents, however, have been 
demonstrated to decrease Pao, (26, 27) by suppressing spontaneous, periodic, large 
tidal volumes (27, 28). This finding suggests that preoperative narcotics should be 
avoided in hypoxemic patients or that oxygen should be administered from the time 
of preanesthesia. Additionally, all sedative drugs must be used with care in patients 
with chronic hypercapnia. 


Anesthesia 


Arterial hypoxemia, is unlikely to occur during the course of anesthesia, since 
virtually all general anesthetic techniques include the administration of high concen- 
trations of oxygen, which prevents hypoxemia despite the previously described 
changes in lung function. There is no apparent pulmonary advantage to any particu- 
lar anesthetic technique (29-31). Halothane or ketamine may be associated with 
fewer episodes of acute attacks in asthmatic patients, but the evidence is not conclu- 
sive (32, 33). 


Postoperative 


Significant postoperative hypoxemia occurs predominantly in persons undergoing 
abdominal or thoracic surgery. There is-a marked reduction in all static and dy- 
namic lung volumes except for residual and closing volumes in persons undergoing 
laparotomies, but not in persons undergoing extremity surgery (34). Reductions in 
lung volumes are maximal on the first postoperative day and return to normal over 
approximately two weeks. These changes are ascribed to postoperative pain and a 
reduction in diaphragmatic motion (35). The resultant rapid, shallow breathing and 
unwillingness to breathe deeply or cough both lead to hypoxemia from airway 
closure and microatelectasis. Narcotic agents given to relieve postoperative pain do 
not prevent this sequence of events (27). 

The high incidence of hypoxemia following abdominal and thoracic surgery 
suggests the need for oxygen administration to this particular group of postoperative 
patients. Although hypoxemia is not likely to be severe following non-abdominal 
surgery ‘or procedures lasting less than 30 minutes (36), persons who might be 
adversely affected by hypoxemia (e.g. persons with arteriosclerotic heart disease) 
probably should be given oxygen-at least for a while following such procedures. The 
means of oxygen administration is not critical in most patients. However, in patients 
with severe antecedent chronic obstructive lung disease who have the potential for 
hypoventilation, a precise low concentration of inspired oxygen should be adminis- 
tered by means of a mask that utilizes the Venturi principle. 


ATELECTASIS 


Atelectasis is the most commonly recognized pulmonary complication of general 
surgery. Fever and leukocytosis may be present due to growth of bacteria distal to 
an obstructed bronchus (37), but since symptoms and signs may regress with the 
removal of the bronchial obstruction without the use of antimicrobials, this syn- 
drome usually is not considered a true pneumonia. 


214 PIERCE & ROBERTSON 


The reported incidence of postoperative atelectasis varies widely, depending on 
the diagnostic criteria; the most commonly used are fever, cough, increase in sputum 
production, and leukocytosis. By these standards the incidence has not changed 
significantly for many years, having been reported to be 8.9% in 1933 (38), 4.0% 
in 1949 (39), and 6.2% in 1968 (40). These statistics no doubt reflect the fact that 
older and more seriously ill patients are now considered surgical candidates. 


Risk Factors 


The type of operation performed markedly affects the likelihood of postoperative 
atelectasis. Operations that do not violate the peritoneum or pleura are associated 
with an incidence of less than 1% (39, 40). Such operations include not only head, 
neck, and extremity surgery, but also breast and anal surgery, as well as transureth- 
ral prostatic resections (40). Lower abdominal surgery is associated with approxi- 
mately a 10% incidence of atelectasis, and upper abdominal procedures with a 20% 
incidence. The type of abdominal surgery performed is evidently not important. 

Men have been thought to have a higher incidence of postoperative atelectasis 
than women, but the difference disappears among patients with similar smoking 
histories (40). Older persons (36, 40) and persons who are significantly overweight 
(41) are more likely to have postoperative complications, as are patients who are 
operated on in the presence of an upper respiratory infection (42). 

It has already been indicated that postoperative narcotics do not allow patients 
to breathe deeply or cough (27). These changes have been shown to be dose-related. 
Bunker et al (43) found that men given more than four doses of narcotic following 
upper abdominal surgery were more likely to develop atelectasis than men given 
four or fewer doses. 

An increased incidence of postoperative atelectasis among smokers has been 
noted for years. The amount of cigarette smoking is an important determinant. 
When patients were graded from nonsmokers to very heavy smokers, there was a 
stepwise increase in the incidence of complications from 8 to 43% (44). This correla- 
tion existed even though pulmonary functions, as indicated by the forced expiratory 


“volume in one second (FEV,) had not been impaired among the heavy smokers. 


The most important risk factor is the presence of chronic obstructive lung disease 
(45-47). Stein et al (46) have clearly demonstrated the predictive value of pulmo- 


- nary-function testing for postoperative pulmonary complications. These investiga- 


tors studied patients preoperatively with a battery of pulmonary-function tests. 
Among patients with normal pulmonary functions, the incidence of atelectasis was 
3%, but among patients with one or more abnormal tests, the incidence was 70%. 
The most sensitive test was the measurement of maximal expiratory flow rate, 
although changes in FEV, also tended to correlate well with morbidity. 


‘Prevention and Treatment 


Therapy in the postoperative period should include maximal inspiratory maneuvers 
combined with efforts to clear secretions from the tracheobronchial tree. Regimens 
incorporating these principles would best reverse the previously described physi- 
ologic changes that-result in hypoxemia and atelectasis. Several modes of therapy 
have been suggested to achieve this goal. These include blow bottles, inhalation of 
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carbon dioxide, intermittent positive-pressure breathing (IPPB), incentive spirome- 
ters, indwelling tracheal catheters, chest physiotherapy, and inhaled bronchodila- 
tors. Blow bottles or blowing out against some other expiratory resistance increases 
pleural pressure surrounding airways. The positive intrapleural pressure necessary 
to overcome the expiratory resistance at the mouth has a tendency to reduce the 
caliber of the airways, especially at low lung volumes, a result contrary to the desired 
physiologic effects. It is conceivable that if a patient inhales to a large lung volume 
before forced exhalation, a net beneficial effect occurs. However, blow bottles have 
never been investigated by a controlled clinical trial (48). 

Stimulation of respiration by the inhalation of increased carbon dioxide concen- 
trations has been attempted (49, 50). Since the production of large tidal volumes by 
this method is erratic, it may not result in reversal of the physiologic ‘alterations 
found in the postoperative patient (51). Inhalation of carbon dioxide clearly should 
be avoided in patients with obstructive lung disease. Oxygen should be concurrently 
administered to all patients. These factors make carbon dioxide inhalation an unat- 
tractive procedure, in our opinion. 

The routine use of IPPB for prevention of postoperative atelectasis was first 
suggested in 1958 (52). Subsequently, four controlled studies have evaluated postop- 
erative IPPB (53-56). Three studies reported no benefit and one reduced the inci- 
dence’ of atelectasis by 17%. The latter study differed by employing preoperative 
instruction, higher inflation pressures, and larger volumes of bronchodilators (56). 
None of these studies recorded the most important variable determining good 
therapy, the tidal volume achieved during treatments. 

Therapy with IPPB would be expected to be beneficial only if a large inspiratory 
volume is induced. It is reasonable to believe that such large tidal volumes are not 
obtained by routinely administered treatments. Therefore, routine use of IPPB likely 
has little benefit. If, however, the patient cannot be encouraged to inspire maximally 
spontaneously, the skilled administration of IPPB with monitoring of exhaled tidal 
volume could be visualized as a reasonable approach. Indirect evidence suggests that 
tidal volumes of at least 50% of the patient’s predicted vital capacity must be 
administered to achieve a reversal of microatelectasis (57). It is likely that preopera- 
tive instruction is necessary to achieve this goal postoperatively. 

Recently a device intended to encourage patients in taking maximal voluntary 
inspirations, an incentive spirometer, has been reported (58-60). The patient is ` 
rewarded with a light when a predetermined tidal volume is achieved. A decrease 
in postoperative complications was reported, using insufficiently tabulated data. If 
it is confirmed that this device assists deep breathing while’ minimizing personnel 
time, its use seems rational. 

An entirely different approach to the treatment of postoperative atelectasis was 
reported in 1960 (61). The procedure consists of placement of a percutaneous plastic 
endotracheal catheter at the time of surgery with subsequent instillations of solu- 
tions to stimulate involuntary cough. As: would be expected, varying results have 
been reported, from complete absence of postoperative complications to no statisti- 
cal benefit (61-63). Data are insufficient to evaluate this procedure, but its use in 
asthmatic patients should be avoided; since tracheal stimulation may evoke bron- 
chespasm in these patients. 
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The beneficial effects obtained with physiotherapeutic maneuvers have been well 
demonstrated by Thoren (64). Physiotherapy is defined as instruction of the patients 
in deep breathing, encouragement of cough, and postural drainage. Reduction of 
radiographic evidence of atelectasis from 42% to 12% was demonstrated in a series 
of patients undergoing laparotomies when treatment was given twice daily postoper- 
atively after adequate preoperative instruction (64). 

An additional advantage of inhaled bronchodilators has béen demonstrated (65). 
Radiographic evidence of atelectasis was reduced from 43% in a group of patients 
receiving breathing training alone to 9% when bronchodilators and breathing train- 
ing were combined. Likewise, high-risk patients with abnormal pulmonary-function 
tests also had a reduction of postoperative complications when inhaled bronchodila- 
tors and physiotherapy were combined (46, 66). 


ASPIRATION OF GASTRIC CONTENTS 


Regurgitation of gastric juice into the pharynx has been observed in up to one fourth 
of patients undergoing general anesthesia, and into the trachea in up to one sixth 
(67, 68). This complication results in one tenth of all anesthetic deaths (69), and this 
fraction is higher in obstetrical anesthesia. 
`- The consequences of gastric contents aspiration depend on the volume and the 
pH of the aspirated material (70). If a large volume of material with a pH of 2 or 
less is aspirated, a diffuse, hemorrhagic pulmonary edema ensues. The term adult 
respiratory distress syndrome is frequently used to describe this noncardiogenic 
pulmonary edema. f 

The prevention of this potentially serious complication is primarily a matter of 
anesthesia technique. The pathogenesis and treatment of noncardiogenic pulmonary 
edema is too complex to be covered in this limited review; therefore we shall not 
deal with this subject further. 


THROMBOEMBOLISM 


It has long been recognized that postoperative patients have a high incidence of 
venous thrombosis and pulmonary embolism. Utilizing the !%I-labeled fibrinogen 
technique, it has been demonstrated that up to 74% of postoperative patients have 
deep-venous thrombosis (71-73); autopsy results demonstrate deep-vein thrombosis 
in over 30% of patients dying after surgery (74), and pulmonary embolism is found 
in a similar percentage (75). Patients most at risk are those with trauma, especially 
fractures of the hip; older patients; those with preexisting venous insufficiency; and 
those with malignant neoplasms (76). Thromboembolism is a particularly dangerous 
complication because its occurrence is unpredictable and its manifestations may 
be so deceivingly nonspecific as to escape diagnosis before a fatal event (77). Accu- 
rate diagnosis depends upon a variety of laboratory and radiographic determina- 
tions, including pulmonary angiography, radioactive lung’ scanning, venography, 
125] -fibrinogen scanning, ultrasound techniques, and measurement of fibrin degrada- 
tion products in serum. s 
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The mainstay of therapy is anticoagulation; the most appropriate method is 
intravenously administered heparin, but oral therapy with warfarin may be useful 
as well, especially for long-term management (78, 79). Recently, interest has focused 
on prevention of postoperative thromboembolic complications utilizing a variety of 
techniques, including low-dose heparin (71); therapeutic doses of warfarin, dextran, 
and dipyridamole (Persantin) (80); pressure bandages or stockings on the lower 
extremities (81); and intermittent calf compression (76). Of these, low-dose or 

_“mini-dose” heparin (5000 units subcutaneously every 8 or 12 hr) has been best 
shown to have a significant effect in reducing the incidence not only of !*5I-fibrino- 
gen—detectable venous thrombosis, but of fatal pulmonary embolism as well (82). 


RESPIRATORY FAILURE 
Ventilatory Failure 


Patients with severe chronic obstructive lung disease are at risk of developing 
postoperative ventilatory failure due to increased metabolic needs, necessitating a 
25% increase in ventilation (83), narcotic administration, and the pulmonary 
changes indicated in a previous section that occur among these as well as normal 
persons. The studies by Miller, Wu & Johnson (84) and by Boutros & Weisel (30) 
suggest that ventilatory failure should be anticipated if preoperative spirometry 
indicates that maximal expiratory flow rates have been reduced to 15% of predicted 
values. Additionally, patients with preoperative hypercapnia have been demon- 
strated to develop postoperative ventilatory failure (46, 84). 

Patients with severe pulmonary impairment are treated preoperatively by bron- 
chodilators and physiotherapy until expectorated secretions are minimal. The 
preanesthetic regimen should not include narcotics. We prefer that the anesthetic 
regimen include orotracheal intubation so that postoperative ventilatory support, 
if needed, is facilitated. The endotracheal tube and ventilatory support are continued 
postoperatively until the patient is fully awake. An assessment of the patient’s 
ventilatory capacity is made, and if it is apparently adequate, the patient is observed 
while breathing spontaneously. If the patient is alert, vital signs are stable, and 
blood-gas' values do not deteriorate seriously, the patient may be extubated. If the 
patient deteriorates without ventilatory support, a regimen similar to that for any 
other patient in ventilatory failure is maintained. The best available data suggest that 
patients with severe pulmonary disability who are managed carefully in the periop- 
erative period do not have a greater mortality than patients with no known lung 
disease receiving standard care (30, 85). 


Pulmonary Hypertension 


Severe pulmonary hypertension likely constitutes a strong contraindication to gen- 
eral surgery. This criterion is suggested by the 27% mortality rate of pregnant 
women with the Eisenmenger syndrome and 53% mortality rate of women with 
primary pulmonary hypertension at time of delivery (86). Further, Skinner & Pearce 
(87) found a 50% mortality for intrathoracic or intraabdominal surgery among 
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patients with chronic obstructive lung disease complicated by cor pulmonale. AJ- 
though definitive data are not available, it is likely that the increased mortality of 
these patients occurs during, rather than after surgery. Peripheral vasodilation 
during general anesthesia may cause hypotension due to the limited cardiac output 
imposed by the pulmonary hypertension. 


CONCLUSIONS 


1. Patients should be divided preoperatively into low- or high-risk categories, de- 
pending on their probability of developing postoperative pulmonary complica- 
tions. The evaluation should include spirometry as well as an assessment of the 
previously defined risk factors. 

2. Patients in a low-risk category need only instruction in deep breathing pre- and 
postoperatively. Routine use of supplemental oxygen postoperatively is reason- 
able until it can be demonstrated whether such is necessary. 

3. High-risk patients should be as free as possible of respiratory secretions at the 
time of surgery. A regimen for this purpose includes cessation of smoking, and 
administration of inhaled bronchodilators followed by chest percussion and pos- 
tural drainage. 

4. High-risk patients should be carefully instructed in deep breathing and coughing 
preoperatively. A mechanical device such as an incentive spirometer may be 
beneficial in this regard. If it is not possible to achieve spontaneous deep breath- 
ing, an attempt to accomplish this by IPPB may be undertaken. The tidal volume 
desired should be ordered. If IPPB does not result in large tidal volumes, it 
should be discontinued. 

5. The deep-breathing procedure found to be most successful preoperatively should 
be continued postoperatively. 

6. The patient should be as mobile as possible while in bed and ambulated as soon 
as is feasible. 

7. Patients with preoperative expiratory flows of iess than 20% of predicted values 
or with chronic hypercapnia should be carefully observed for postoperative venti- 
latory failure. 
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The variable composition of man’s body hath made it an instrument easy to distemper. 
... The office of medicine is but to tune this curious harp of man’s body and to reduce 
it to harmony. 


Francis Bacon (1) 
INTRODUCTION 


Orthodox medicine, like many of our institutions, is: being challenged by seemingly 
new ideas disguised as strange cults (2-4). The introduction of a prescientific healing 
practice such as acupuncture into American life would seem ectopic were it not a 
thread in a metaphysical tapestry being woven in Western civilization for the past 
three decades. Its design was conceived in the despair of accepted social values 
promulgated by existential philosophy and manifested as the beatnik phenomenon 
of the 1950s. As existentialism developed into the hedonistic and idealistic youthful 
counterculture of the 1960s, the apparent irrelevance of external values led to a 
search that now is praised as the “new humanism” or condemned as the “new 
narcissism” (2, 5). This movement, gaining impetus from social and economic 
developments in the 1970s, is characterized by- a return to folkways and an interest 
in mysticism. By eulogizing the irrational, the implication is made that man is 
greater than the sum of his parts. A sympathetic current in medicine evolving from 
psychosomatic research is the “holistic approach,” which embodies the ancient 
principle that health represents a harmony between nature, society, and man, and 
reflects the unity of mind and body (6, 7). This concept is also the basis for acupunc- 
ture, yoga, and other forms of healing and is not new to Western medicine. In fact, 
it was the crux of a debate between Pidoux, who espoused the theory that the 
patient’s constitution predisposes to a given disease, and Pasteur, who emphasized 
the role of specific agents as etiologic factors-in disease ( 1). 
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Acupuncture enters the American medical literature as early as 1836 (8). It was 
even recommended by Osler for lumbago (9). While always extant among the 
Chinese community in the United States, its major impetus came from Reston’s 
historic acupuncture treatment for postoperative pain in China in 1971 and former 
President Nixon’s trip to China in 1972, which whetted the American enthusiasm 
for chinoiserie (10). The American medical community has not strongly resisted 
acupuncture when practiced in a safe manner on patients regarded as “hopeless” 
after orthodox treatments have failed. However, the official stand of organized 
medicine has been cautious, emphasizing the need for controlled studies (10). The 
proliferation of acupuncture newsletters, books, courses, materials, and journals 
(e.g. American Journal of Chinese Medicine, American Journal of Acupuncture, and 
Acupuncture and Electro-Therapeutics Research) has enhanced the enthusiasm for 
acupuncture’s therapeutic merits and exploration of its scientific basis (4, 10). 

Chinese medical philosophy, which includes herbology and exercises, as well as 
acupuncture, is a coherent and closed theory of treatment and diagnosis. As with 
Western medicine, theory probably developed from observations of patients and 
their environments. The theory was systematized and recorded by the eighth cen- 
tury Bc, although its origins are attributed to sources as early as 2700 sc (11). 
Traditional acupuncture theory has many similarities to an electrical circuit in that 
there is a source of energy production called the “triple heater organ,” which 
produces a finite amount of vital energy, called ch'i, during a lifetime. The vital 
energy flows along fixed paths called meridians, which are interconnected with each 
other and the organs of the body. Flow in these paths has a circadian rhythm, so 
that at various times and seasons it may normally vary. As with electrical energy, 
vital energy has a bipolar character, i.e. positive and negative, which are called 
“yang” and “yin,” respectively. Ch’i within the body reflects the vitality of the 
universe and society. Therefore one would expect more illness during natural or 
social disasters. . 

In this system, health is defined as the state in which the flow of vital energy in 
the meridians is normal. Diagnosis in Chinese medicine is made on the basis of the 
patient’s history of changes in behavior, appetite, and feelings. Physical examination 
consists of observation of the skin, eyes, face, tongue, and breath for color, consis- 
tency, and odor (10, 11). Special diagnostic procedures consist of (a) pulse diagno- 
sis, during which deep and superficial palpations of three sites on each radial artery 
are,made to evaluate the energy flow in each of the twelve meridians; (b) palpation 
of skin and subcutaneous tissues for areas of tenderness or numbness; and, more 
recently, (c) measurement of the electrical resistance of the skin with an ammeter 
at specific sites on the wrists and ankles that also relate to the flow of energy in the 
meridians (12-14). Therapy consists of the insertion of needles, the application of 
small electrical currents, or other manipulations at specific sites to adjust the energy 
flow to the normal distribution. The meridian system has not been demonstrated . 
histologically, although it has been claimed that radionuclides injected -into an 
acupuncture point will be detected along its respective meridian (15). 

Ironically, traditional acupuncture is no longer extensively practiced in China, 
_ but is now practiced in the West, particularly:in France, Germany, England, and 
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the United States (16). This development is a consequence of Chairman Mao’s 
directive to Chinese scientists to explore the ‘“treasure-house” of Chinese medicine 
in 1954.(10). Therefore, much of ancient medical philosophy has been discarded in 
China.as the result of current empirical data. Because of the great Proletarian 
Cultural Revolution of 1965-1966, traditional and Western medicine have been 
thoroughly integrated—perhaps more for political purposes than therapeutic ben- 
efit. In so doing, the revolution destroyed the elitist-status of physicians and forced 
them to study and apply a uniquely Chinese system of healing that could be easily 
administered to a huge population. 

Although acupuncture enjoyed a brief period of Western enthusiasm in the eigh- 
teenth century as the result of Jesuit missionary contact with the Orient, it was not 
popularized again until the 1920s, when Georges Soulié de Morant, a banker and 
diplomat to China, demonstrated the technique in France (16, 17). Modern acu- 
puncture variants carry a theme from “man as a microcosm of the universe” to 
“parts of man as representations of the whole man,” e.g. the ear has the outline of 
a fetus; therefore, points corresponding to fetal organs superimposed on the ear can 
be used to treat adults (18). Similar speculative analogies are the bases for schools 
of nose, hand, and scalp acupuncture (19). More scientific apologists invoke the 
proximity of the central nervous system (CNS) projections of the acupuncture 
stimulation site and the pain path as the rationale for the selection of treatment loci 
(20). 


PHENOMENOLOGY OF ACUPUNCTURE 
Acupuncture Points (Loci) 


Traditionally, these points have been located by palpation as interfascicular muscu- 
lar depressions or in relation to other anatomic landmarks (13). They may also be 
located with an ammeter as areas of low electrical resistance, although not all 
low-resistance loci are acupuncture points (14, 21). There is a high correlation of 
acupuncture points with nerve trunks, motor points, and trigger points (22-24). 
Some experimental work suggests that many points have specific effects (25, 26). In 
clinical practice, however, there is controversy as to whether accurate needle place- 
ment affects outcome when used to treat disease (20, 27). 


Te Chi 


When needles are accurately placed, patients will comment that they feel a numb- 
ness, heaviness, ache, or paresthesia at the site of insertion or in the diseased part 
(13). This phenomenon is called te ch'i (“summoning the vital energy”). Since many 
of the acupuncture points are related to neural structures, such sensations are easily 
explained. Needles are commonly placed in the nerve proximal to the diseased area 
in that nerve’s distribution (13, 22). The feeling of te ch'i also correlates with the 
appearance of muscle potentials on the oscilloscope. These potentials may be a reflex 
phenomenon, as they are abolished by spinal anesthesia. Apparently, perception of 
this sensation is mediated by the lateral-spinothalamic tracts of the spinal cord (22, 
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28). Te ch’i is essential for acupuncture analgesia and is abolished by infiltrating the 
acupuncture point by local analgesics (29). Often, no effort is made to elicit this 
sensation in animals, although therapeutic and analgesic effects are still noted (26). 
The observation that te ch’i can be elicited anywhere by persistent needling and has 
many qualities of deep pain sensation as well as paresthesia raises the question of 
whether this is a unique feature of acupuncture points, although it may be necessary 
for specific purposes (28, 30). It seems likely that te ch’i at least serves to convince 
the patient and practitioner that something is happening (31). ` 


ACUPUNCTURE MECHANISMS: AN ECLECTIC PERSPECTIVE 


Traditional Chinese medical philosophy is attractive as a theory representing a 
distillate of much experience and providing a coherent model for practice. However, 
literal anatomic documentation of the meridian system is reported by only one 
investigator (15). While each of the following alternative mechanismis of acupunc- ` 
ture was also presented as a unifying model, it is apparent that none is. It is more 
likely that acupuncture represents many phenomena, much as the ingestion of 
aspirin for headache-has both antiphlogistic and reassuring aspects (4). This view 
is especially attractive in light of the diverse effects and structures associated with 
acupuncture points. 


Humoral-Biochemical Mechanism 


This speculative mechanism is based on the observations of histamine release at the 
acupuncture site, a phenomenon akin to dermatographia, and the postulated hor- 
monal effects of tissue trauma caused by needling (20, 27, 32). Histamine, bradyki- 
nin, and other hormones released by tissue trauma have many effects on 
microcirculation, muscle tissue, heart, reticuloendothelial system, etc. Physical 
stimulation may also result in steroid secretion. This hypothesis implies that accu- 
rate needle placement is not essential to therapy and explains why novices are so 
successful as therapists (20, 27). There is little well-controlled experimental work 
in this area, but it seems unlikely that acupuncture produces enough trauma or 
hormone release to accomplish all of its wondrous therapeutic claims on a direct 
peripheral hormonal basis. Vascular occlusion of the acupunctured extremity does 
not impair its analgesic effect. This would suggest a neural or psychologic explana: 
tion at least for analgesia, if not chronic disease (33). 


Neural Mechanisms 


The phenomena of acupuncture points and te ch’i are especially suggestive of a 
neural mechanism. The gate theory of Melzack & Wall is commonly invoked to 
explain acupuncture analgesia. This theory proposes that a physiologic “gate” in the 
substantia gelatinosia inhibits peripheral small-fiber input associated with pain when 
there is concurrent large-fiber stimulation, e.g. from pressure. This theory derives 
support from the observation that acupuncture analgesia is most effective when done 
in the same dermatome as the surgical field (34-36). Because of its spectacular 
nature, a great deal of attention has been drawn to this form of surgical analgesia. 
The myriads of cases reported from China attest to its effectiveness (35, 37, 38). 
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Claims that acupuncture analgesia can be done in infants and even animals are 
particularly disarming. It seems likely that reassurance, rehearsals, premedication, 
deft surgeons, and supplementation with local and even general analgesia contribute 
to its effectiveness in humans (10). In fact, the latest acupunctural anesthetic feat 
has been to reduce the number of needles from 80 to 1, if not to dispense with the 
needles entirely (39). Its limitations and the rituals leading up to surgery are reminis- 
cent of hypnosis (31). The gate theory itself is a subject of controversy, as its 
internuncial system has not been documented anatomically and the theory does not 
explain why painful stimulation at one site decreases susceptibility to pain at others 
(40, 41). Acupuncture’s effects in fact seem to be related to small-fiber stimulation 
(22, 28). Perhaps its mechanism is related to hyperstimulation analgesia in that 
acupuncture may be a minor noxious stimulus that confers analgesia by competing 
with other noxious stimuli (33, 41). 

There are many limitations to acupuncture analgesia. The long induction times 
(20-30 min), and lengthy rehearsals and explanations to the patient of the events 
that will occur during surgery preclude its use for emergencies (39). It is not 
recommended for the “mentally disturbed, nervous, low pain threshhold, or unwill- 
ing” patient. Abdominal relaxation is poor and this form of analgesia requires an 
adaptable surgeon who works rapidly, but carefully (35). 

Animal studies indicate inhibition by acupuncture of thalamic neuronal dis- 
charges associated with noxious stimulation (42-44). The duration of this effect is 
too brief to be clinically meaningful in chronic pain states. Most astonishing are the 
controlled observations that analgesia may be transferred by cerebrospinal fluid 
from acupunctured to nonacupunctured animals, and that antagonism of acupunc- 
ture analgesia results from intraventricular injections of atropine (44)! A reflex 
mechanism has also been postulated for acupuncture, since the management of 
chronic pain problems with acupuncture has much in common with trigger-point 
injections of local anesthetics for myofascial syndromes (45). Here, too, is much 
controversy, for as our knowledge of chronic pain problems improves, it has become 
apparent that we have many treatments for which there are no diseases, e.g. for 
neuralgia, rheumatism, and lumbago (46)..These diagnoses confer pseudo-omni- 
science on the physician and distract the physician and patient from a more relevant 
psychiatric diagnosis. The lack of a peripheral “disease” in some of these patients 
can be demonstrated by the persistence of the pain complaint despite surgical 
analgesia by nerve block of the affected area (47). 


Bioelectric Mechanism 


The electrical detection of acupuncture points by probes and Kirlian photography; 
the demonstration of consistent changes in skin conductivity with disease; and the 
regeneration of limbs in amputated animals placed in an electric field are exciting 
food for a feast of speculation (14, 15, 21, 48, 49). One bioelectric school of acupunc- 
ture attributes electrical changes to autonomic function and attempts.to regulate this 
division of the nervous system by the application of current (14). However, correla- 
tive studies of consistent changes in conductivity at specific acupuncture points with 
specific disease entities are not available. The application of electrical stimulation 
seems as effective as other types of stimulation, e.g. massage, ultrasound, laser, 
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vibration, or needling (50). Except for needling, none of these types of stimulation 
require the te ch'i phenomenon. The wide variety of these allegedly effective types 
ofstimulation again makes one question the role of acupuncture loci. 


Psychologic Mechanisms 


Because the pathophysiology of disease and surgery and the pharmacology of drugs 
are relatively easy to observe in a scientific fashion, one may be lured into the 
delusion that these are the stuff of clinical practice. As laboratory creations, these 
lose meaning when dealing with chronic illness, which has personal, social, and 
cultural matrices (51, 52). Many of the so-called hopeless benign, functional condi- 
tions, particularly chronic pain, represent symptoms of anxiety and/or depression 
and, less commonly, hallucinosis, delusion, obsessive or phobic behavior, malinger- 
ing, distraction, addiction, boredom, existential need, communication inadequacy, 
and habit (53-57). Furthermore, organic illness does not preclude these behaviors 
from complicating management (58). Patients with these problems become frustrat- 
ing when their problem continues to be refractory to well-intentioned inappropriate 
treatment. Psychologic tests indicate hysteric, obsessive-compulsive, inadequate, or 
schizoid personalities clinically manifested as dependency. A benevolent acupunc- 
turist has much to offer in terms of a sympathetic ear, patience, a willingness to 
ascribe a physical basis to an emotional disorder, an exciting and mysterious modal- 
ity, and a chance for the patient to “get even” with all those doctors who implied 
a psychiatric diagnosis (59-64). However, the polysurgery patient is difficult to cure 
even for the acupuncturist (65). This difficulty is attributed to surgical interruption 
of the meridians, much as persistent pain after laminectomy is attributed to adhe- 
sions. At present, empathy and perhaps behavior modification may be the most 
relevant tools to manage the complaints of chronic illness. 


PLACEBO EFFECTS Most uncontrolled clinical studies of new modalities report 
improvement in 80-90% of patients (66, 67). In some controlled studies, the placebo 
effect may be similarly high (67)! This phenomenon seems especially operative when 
new therapies are introduced, at which time the therapist’s and patient’s enthusiasm 
play the major roles in efficacy (68). The variables contributing to the placebo effect 
can produce remarkable responses, e.g. paradoxical drug effects, miraculous cures, 
toxicity, and even death (69-72). When nonspecific: factors are controlled, the 
placebo is usually half as effective as the active agent and provides satisfactory relief 
in one third-of the patients in a wide variety of conditions over a long period of time, 
e.g. angina, rhinitis (71). Acupuncture, and indeed many respected, radical forms 
of “scientific” therapy for chronic pain, e.g. rhizotomy or cordotomy, have statisti- 
cal patterns of efficacy suggestive of placebo (73-79). While statistical patterns may 
be similar to placebo, this may only be coincidence. What is of major importance 
is that less dangerous and less costly methods may be available to produce similar 
effects. With long-term follow-up it seems likely that the efficacy of acupuncture and 
“radical” Western treatments is a victim of the time course of chronic diseases, 
espécially if these are subject to exacerbations and remissions associated with psy- 
chic distress (80, 81). 
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Both placebo and nonplacebo reactors have stereotyped responses to psychologic 
tests (67). Notably, the placebo reactor has a high level of chronic anxiety (61, 82). 
The placebo effect is most marked when the patient is under stress (83). Of special 
interest is that the route or style of placebo administration also has a role in 
effectiveness (84). The placebo effect is not purely psychological, but represents a 
general term, including many factors over which the therapist has no control and 
which contribute to producing a given response. 


HYPNOSIS/SUGGESTION Much of whether acupuncture is hypnosis depends on 
whether one believes in this unique psychic state. The external manifestations of 
hypnosis are culturally dependent, e.g. trance versus seizure. There is a wealth of 
evidence suggesting no difference between hypnosis and consciousness and a con- 
trary literature suggesting at least some unusual behaviors characteristic of hypnosis 
(85, 86). However, when an effort is made to control for the hypnosis variable, it 
can be distinguished from other placebo effects (87). Hypnoanesthesia for surgery 
may be accomplished without a deep trance (31, 88). Indeed, there is a correlation 
between hypnotic susceptibility and the exhibition of acupuncture analgesia (89, 90). 
Contrarily, acupuncture analgesia may be demonstrated in poor hypnotic subjects. 
Despite the hundreds of thousands of successful reports of acupuncture analgesia, 
the vast majority of Chinese patients elect conventional anesthetic techniques (10). 
Acupuncture is not recommended for infants without heavy sedation (10, 35). 
Children, incidentally, can best be hypnotized after the age of five (86). 

Animal studies of acupuncture may be irrelevant to human acupuncture 
analgesia, as many species become cataleptic when restrained, e.g. the rabbit, coyote, 
octopus, rat, and crocodile (91, 92). Repetitive stimuli and pressures on body parts, 
which are features of acupuncture, are also adequate induction stimuli for animal 
“hypnosis” (26, 44, 91). Novelty of stimulation is a particularly potent induction 
factor. During the cataleptic state, animals do not respond to painful manipulations. 
It is postulated that the tonic immobility response to restraint is an unlearned fear 
reaction (91). The distribution of analgesia is not reported in animal catalepsy, but 
seems specific in the case of acupuncture, with location dependent on stimulation 
site (26). EEG studies of immobilized animals have patterns that are distinct from 
those of human „hypnotic subjects (91-93). Comparisons of human EEGs under 
acupuncture and under hypnosis are controversial, as the characteristic EEG pat- 
tern under hypnosis is uncertain. 


STATUS OF NONCLINICAL INVESTIGATIONS 


Using a double-blind technique, acupuncture analgesia can be distinguished from 
placebo effects. This suggests a physiologic basis (94). On the other hand, it can be 
shown that acupuncture changes the subject’s criteria for reporting pain (95). As 
is commonly the problem with such studies, the magnitude or duration may be 
statistically significant, but clinically unimportant (96). Similarly, animal studies are 
fascinating, sometimes illuminating, but often of questionable significance in the 
study of human subjective phenomena (97, 98). 


230 MILLMAN 


STATUS OF CLINICAL INVESTIGATIONS 


Uncontrolled clinical studies in more than 20,000 patients at UCLA suggest that 
acupuncture is most useful for migraine and tension headaches, osteoarthritic pain, 
bursitis, tenosynovitis, and other musculoskeletal problems. There have been no 
serious complications in this extensive experience (D. E. Bresler, R. J. Kroening, 
M. P. Volen, submitted for publication). Controlled studies have been hampered by 
(a) the lack of qualified therapists, (4) difficulty in double-blind design when a 
physical modality is used, and (c) a poor understanding of what constitutes an 
adequate trial of acupuncture therapy. The proliferation of modalities, the varieties 
of acupuncture styles, and the departures from classical acupuncture make it diffi- 
cult to compare data from one clinical study to others or to comment on the efficacy 
of acupuncture in general. Acupuncture journals even carry articles on nerve blocks 
and trigger-point injections with local anesthetics. The use of electrical stimulation 
through acupuncture needles has invited comparisons with transcutaneous nerve 
stimulation. The latter technique has even been advocated at acupuncture points (P. 
Raj, submitted for publication). It seems likely that there will be no “modern 
acupuncture,” but.a divergence of techniques, each having a unique mechanism. The 
validity of each will have to be established separately. 


INEXPLICABLE FINDINGS 


A recent double-blind, controlled, crossover study of acupuncture in asthmatics 
utilized changes in pulmonary-function studies as a measure of effectiveness in 
reversing methacholine-induced bronchospasm. Acupuncture was less effective than 
isoproterenol, but more effective than placebo (D. P. Tashkin, D. E. Bresler, R. J. 
Kroening, H. Kerschnar, R. L. Katz, A. Coulson, submitted for publication). Other 
studies imply a variety of objective changes attributed to specific acupuncture points, 
such as increased mesenteric circulation, immunologic effects, and predictable zones 
of analgesia. These results are not easily explained, widely documented, or of clini- 
cally significant magnitude, but indicate areas for future physiologic research (20, 
25, 26, 99-101). Uncontrolled observations in animals with chronic disease also 
suggest that acupuncture is not humbug, but is useful in managing emphysema, 
arthritis, laminitis, hepatitis, facial palsy, hip dysplasia, paralysis, herniated nucleus 
pulposus, and cardiac-valvular insufficiency in horses and dogs (102, 103). 

An interesting reflection on acupuncture’s mysterious cures and physiologic 
effects is that there are no similarly documented mysterious complications of its 
practice, although abortion is said to follow needling in the first metacarpal space, 
and convulsions occur in patients who ingest alcohol prior to treatment. Its benign 
complications, e.g. fatigue and exacerbation of symptoms, are those commonly seen 
with placebo treatments and its documented severe complications are generally the 
result of anatomic trespass (71, 104). This benignity may relate to 5000 years of 
evolving perfection, but is more reminiscent of George Bernard Shaw’s observation 
of blasphemy at Lourdes by the visual testimony of piles of “crutches and wheel- 
chairs, but no wooden legs or glass eyes—or toupees,” thereby hinting at a limitation . 
. of God’s powers (6). : 
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A ROLE FOR ACUPUNCTURE? 


The relative safety of acupuncture makes it an attractive alternative to surgery and 
medications, with their attendant morbidity, mortality, and futility (6, 46, 66, 71, 
105, 106). Its developing indication seems to be for functional diseases (22, 107). 
This recommendation may be premature and shallow, as there have been no long- 
term studies showing that patients “addicted” to surgery and medication will be 
content with innocuous procedures (106). What may be needed for the management 
of these problems is a courageous public and profession that recognize (a) the 
distinction between mind and body as a linguistic artifact, (b) the unsuitability of 
drugs and surgery for the treatment of occult interpersonal and intrapsychic prob- 
lems, (c) the limitations of the “illness model” when applied to the extremes of 
behavior or physiologic measurement, and (d) the resources of the individual that 
might be enhanced for health (6, 46, 108-111). Some patients will fail to compre- 
hend these possibilities so that cult medicine will always be present in a free society 
as a sociologic phenomenon akin to patent medicines (60, 65). However, one need 
not endorse cultism as an excuse for therapeutic nihilism. 

Preliminary studies suggest that acupuncture is more than superstition. However, 
the susceptibility of humans to psychologic manipulation has been a confounding 
variable in acupuncture studies as well as an important adjunct to the management 
of human illness. Scientific reports on the efficacy of acupuncture for chronic disease 
are too few to enable a reasoned opinion as to its place in medicine even if a 
foundation in physiology or psychology can be established. Perhaps the greatest 
contribution it will make to scientific medicine is to give the latter an opportunity 
to examine itself by comparison, and with equally stringent standards. As the great 
“treasure house” of science is searched, we shall discover that rationalism is also 
a humanism. (5). 
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DEFINITION 


The term Aypertrophic cardiomyopathy (HCM) refers to “idiopathic” or “primary” 
cardiac hypertrophy characterized by considerable increase in ventricular muscle 
mass without associated increase in cavity size. Implicit in this definition is a 
possibility of common pathological endpoint of etiologically diverse disorders. Since 
nearly 90% of patients with HCM have the characteristic bizarre asymmetric 
hypertrophy of the heart with or without outflow-tract obstruction and form a 
characteristic clinical syndrome of a familial disorder, this form is especially empha- 
sized here. This disorder has been variously labeled as hypertrophic obstructive 
cardiomyopathy (HOCM), idiopathic hypertrophic subaortic stenosis (IHSS) and 
muscular subaortic stenosis (MSS). 


HISTORICAL PERSPECTIVES 


There has been, through the years, a considerable interest in affections of the 
myocardium where no valvular lesion was evident at autopsy. In man’s need to 
attribute rational explanations to unknown natural phenonomena, these disorders 
were presumptively labeled in the latter part of the 19th and early 20th century as 
“burn-out hypertensive heart disease,” largely due to association of massive hyper- 
trophy in patients known to have severe progressive systemic hypertension. It is 
probably in this “cloak” of diagnosis that the HCM hearts of yesteryears rest in the 
pathological archives of Europe. Refinement of bedside diagnosis of heart disease 
by Wood and development of cardiac surgery in the 1940s and 1950s led to accurate 
characterizations of etiologically defined conditions and paved the way for ‘“‘discov- 
ery” of and interest in HCM. Evans (1) described several families with idiopathic 
hypertrophy and cardiac arrhythmias and grouped them as “familial cardiomeg- 
aly.” In 1958, Teare (2), a forensic pathologist, reported autopsy findings on the 
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young who died suddenly without known underlying disease. He was struck by the 
massive degree as well as the asymmetric nature of hypertrophy, and designated the 
condition as asymmetric hypertrophy of the heart. Brock (3), who had earlier done 
some pioneering work in functional infundibular pulmonary stenosis, described 
acquired subaortic stenosis in a patient with a previous history of hypertension. 
Goodwin and associates (4) in Britain observed clinical patterns in patients with 
idiopathic cardiac hypertrophy and subaortic obstruction, and used the term hyper- 
trophic obstructive cardiomyopathy (HOCM). Almost in parallel, Braunwald and 
associates (5) in the United States embarked upon hemodynamic characterization 
of this disorder and called it idiopathic hypertrophic subaortic stenosis (IHSS). 
Also, simultaneously, Wigle and coworkers (6) in Canada further clarified under- 
standing of clinical and hemodynamic parameters and used the term muscular 
subaortic stenosis (MSS). A keen interest in this disorder was rapidly generated and 
several important contributions were made by a number of investigatiors from 
different countries. A major fascination with this disorder (HOCM, IHSS, MSS) lay 
with a dynamic and variable left-ventricular outflow obstruction that seemed to 
respond paradoxically to most physiologic and pharmacologic maneuvers (7-10). 
Rapid progress and heightened interest led to an extensive review of the subject at 
a CIBA foundation symposium in 1964 (11). Beta-adrenergic blocking agents were 
used for clinical trials (12-15) and the role of surgery was better defined over the 
succeeding years (16-18). There was a flurry of excitement and activity when the 
concept of pressure gradients without outflow obstruction was proposed by investi- 
gators at the Johns Hopkins Hospital (19), believing that the pressure gradients in 
this disorder represented cavity obliteration rather than a meaningful obstruction 
to outflow of blood. This challenge was short-lived, as the presence of functional 
outflow obstruction was vindicated by careful studies (20, 21). It nonetheless served 
a useful purpose in pointing out the potentials for gradients other than outflow 
obstruction as well as for artifactual entrapment of catheters in a heavily trabecu- 
lated irregular left-ventricular cavity. In the late 1960s a new development in the 
form of diagnostic use of echocardiography generated further interest (22-24). This 
noninvasive tool helped with correct diagnosis in clinically unsuspected cases and 
confirmation in others without a need for invasive hemodynamic studies. These 
developments were reviewed in 1970 at the second CIBA foundation symposium on 
the subject (25). Longitudinal studies on clinical course and progression of this 
disorder were reported (26-29). A yet more recent development has been the use 
of echocardiography to diagnose asymmetric septal hypertrophy (ASH) and an 
attempt to designate the disorder as ASH on that basis (30). This is viewed as 
excessive reliance on one echocardiographic sign in the diagnosis of a complex 
disorder (31). 


PATHOLOGIC FEATURES 
Ventricular hypertrophy in patients with HCM may be either concentric or asym- 


metric. The heart with concentric hypertrophy is indistinguishable from that asso- 
ciated with systemic hypertension or aortic-valve stenosis. There is a uniform 
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increase in muscle mass and wall thickness with little or no increase in cavity size. 
The, appearance of the far more common asymmetric hypertrophy is quite distinc- 
tive (2). The distribution of increased muscle thickness is nonuniform, with massive 
increase in the interventrical septum and the adjacent anterior wall of the heart. The 
lateral and posterior free-wall thickness is less striking. Almost all patients with the 
clinical syndrome of hypertrophic obstructive cardiomyopathy (HOCM or IHSS) 
who have come to autopsy have demonstrated this striking asymmetric hypertrophy 
of the heart. A recent study (30) reports that the posterior-wall thickness directly 
behind the posterior mitral leaflet is significantly different in patients without out- 
flow obstruction, in contrast with those with obstruction. This region in the “nonob- 
structors” was normal or less than normal in thickness, although the free wall 
caudal to and just lateral or medial to the posterior leaflet was thickened. In contrast, 
thickness of the free wall in this location in the “‘obstructors” was markedly in- 
creased. This is considered to represent myocardial hypertrophy in obstructors, in 
response to pressure overload from outflow obstruction. These pathologic observa- 
tions are used along with and in support of echocardiographic evidence of asymmet- 
ric septal hypertrophy (ASH) in patients with hypertrophic cardiomyopathies. 
These reported differences remain to be confirmed by other investigators. 


HISTOLOGY Teare. (2) described the microscopic features as consisting of “a 
bizarre and disorderly arrangement of bundles of muscle fibers running in diverse 
directions, separated by connective tissue and clefts.” He predicted with consider- 
able foresight that “the connective tissue breaking up-and interrupting muscle 
bundles, gives the impression of inefficiency in muscular contraction” of the mas- 
sively hypertrophic septum and anterior wall. A recent study observed that the 
bizarre disarray of muscle fibers is localized to the i.v. septum in outflow obstruc- 
tions, while it is more diffusely distributed in nonobstructors (32). 

On the basis of gross pathology as well as microscopic features, the present NIH 
group of investigators (30, 32) has proposed that myopathic disease process is more 
extensive and diffuse in the nonobstructive form of HOCM than in the obstructive 
form. This conclusion is open to question, since the obstruction in this. disease is 
characteristically variable and dynamic and those with outflow gradients up to 30 
mm Hg were arbitrarily assigned in the nonobstructed group. Another major short- 
coming of their data collection consisted of obtaining a necessarily smaller muscle 
sample for histology in a group of obstructed patients at surgery, whereas a large 
numberof tissue blocks were examined in the autopsy group in which the nonob- 
structed patients predominated. Since the characteristic disarray of myocardial 
bundles is not diagnostic for this condition and since frequency of its detection is 
to some extent related to the number of tissue blocks examined, it appears that the 
very design of the studies favored finding a more diffuse involvement in the nonob- 
structed group of patients. Although these pathologic data may be viewed with 
considerable interest, the conclusions reached can only be considered tentative until 
further confirmatory studies are reported. 

James & Marshall (33) examined hearts of 22 subjects who died suddenly and 
demonstrated asymmetric hypertrophy. Several histologic abnormalities were seen, 
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none of which were universally present. Deep clefts in the septum were present in 
7 hearts, the small coronary arteries were abnormally narrowed in 10, and the sinus 
node was sclerosed in 12. There were some abnormalities in all parts of the conduc- 
tion system. A number of factors in pathogenesis of asymmetric hypertrophy were 
proposed, and include narrowed small coronary arteries, abnormal sequence of 
ventricular activation, and mechanical deficiency caused by deep clefts. 


PATHOPHYSIOLOGY 


Experimental and clinical studies on the genesis of cardiac hypertrophy have impli- 
cated a role of sustained increase in strake work, of contractility, or of myocardial 
injury (ischemic or otherwise). The asymmetric hypertrophy of HCM may be 
viewed as a genetically determined distribution of increased muscle mass to any or 
all of the above factors. When the disease is clinically recognized, however, there 
is generally no obvious inciting factor. A number of studies have examined the 
hemodynamic consequences of bizarre generalized asymmetric hypertrophy. 


Systolic Consequences 


LV OUTFLOW OBSTRUCTION A profound systolic consequence of asymmetric 
hypertrophy is the development of a dynamic obstruction to left ventricular outflow 
in a majority of patients with HCM (hence the term HOCM). It. differs strikingly 
from all forms of fixed obstruction in that it does not become manifest until after 
the early systolic ejection is under way. The severity of obstruction often varies from 
one beat to:the next and from one phase of respiration to another (10). It is 
accentuated by factors associated with reduction in either preload of afterload, and 
with increase in contractility or heart rate. Owing to a variety of influences that tend 
to alter its severity, a patient may have a high gradient across left-ventricular outflow 
tract at one cardiac catheterization study and little or none at all at another time 
(34). Earlier selective angiographic studies (35) and more recent echocardiographic 
studies (22-24) have elucidated the mechanism of this obstruction as resulting from 
systolic anterior motion (SAM) of the anterior mitral leaflet with systolic reopening 
of the leaflet into the narrow outflow space. It is further demonstrated that the 
interventricular septum is inert or adynamic, possibly from bizarre disarray of 
muscle fibers with loss of efficient contraction. It is not clear as to why the anterior 
mitral leaflet reopens in midsystole, although the prevailing thought favors venturi 
effect resulting from a high-velocity outflow in early ejection. Another hypothesis 
is that alteration in geometry of the papillary muscle and insertion of mitral leaflet 
may result in an abnormally directed pull to the valve. Since a similar mitral-opening 
movement has been observed in other conditions with narrow outflow space or with 
high ejection velocity, the venturi effect in HOCM probably opens the valve, ob- 
structs left ventricular outflow, and permits mitral regurgitation. As the forward 
flow is reduced, it permits the valve to return to a closed position in endsystole. 
Thus, the venturi effect necessary to accentuate SAM will produce or accentuate the 
severity of obstruction. A decrease in preload and afterload, as well as an increase 
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in heart rate, may narrow the outflow space with reduction in distending pressure, 
whereas increased contractility and heart rate, and possibly reduced afterload, may 
permit a more rapid early-ejection velocity. Echocardiography has demonstrated 
increased and prolonged SAM of anterior mitral leaflet with amyl-nitrite inhalation, 
isoproterenol infusion, the Valsalva maneuver, and the postectopic beat. On the 
other hand, vasopressor agents (e.g. methoxamine, angiotensin) have produced a 
suppressed or absent SAM with amelioration of outflow- obstruction. Similarly, 
when sustained afterload is present in a patient with asymmetric-HCM in the form 
of fixed aortic valvar or supravalvar obstruction (including aortic coarctation) or 
systemic hypertension, SAM with associated dynamic outflow obstruction may be 
suppressed. Relief of distal obstruction may unmask the dynamic obstruction of 
HOCM. 

Coexistence of mitral regurgitation was observed in earlier studies, with a preva- 
lence estimated at about 50% of patients by ventriculography. A more consistent 
association of outflow obstruction and mitral regurgitation has been demonstrated 
by careful indicator-dilution studies (36). In most patients, provocative maneuvers 
that accentuate outflow obstruction will increase mitral regurgitation and vice versa. 
There are, however, a few patients (perhaps less than 10%) in whom mitral regurgi- 
tation is independent of obstruction and persists despite relief of outflow gradient. 
This may be related to actual deformity or damage to the mitral leaflets. Aside from 
these few instances, there is a close correlation between the presence and severity 
of dynamic-outflow obstruction and severity of regurgitation across the valve. 


RIGHT-VENTRICULAR OUTFLOW OBSTRUCTION Although small pressure 
gradients across the right-ventricular outflow tract have been frequently reported, 
these are inconsequential in most instances and: possibly even artifactual. 
Hemodynamically severe obstruction (gradient > 50 mm Hg) in the right ventricle 
may occasionally coexist with dynamic left-ventricular outflow obstruction in the 
same patient. Rarely, severe pulmonary infundibular stenosis may be isolated with- 
out any evidence of resting or provocable obstruction to left-ventricular outflow. 
Since the right-ventricular infundibulum is circumferentially bound by muscle, 
excessive contraction of the hypertrophied muscle results in outflow obstruction. 
Conditions that increase contractility tend to accentuate the severity of obstruction. 
Unlike the left-sided outflow obstruction, the tricuspid valve does not appear to play 
any role in right-side obstruction. No structural or functional defects of the tricuspid 
valve have been observed. 


VENTRICULAR “PUMP” FUNCTION Systolic functional abnormalities of either 
ventricle are generally absent. Cardiac output is normal or even high at rest, and 
most patients respond appropriately to mild and moderate exercise. Peak rate of 
ventricular ejection is not diminished and may even be increased. The duration of 
systole is prolonged only in the presence of severe outflow obstruction, largely by 
prolongation of ejection time. Thus, either with or without outflow obstruction, total 
systolic pump function is relatively well maintained. Eventual deterioration in ven- 
tricular function with decrease in cardiac output and rise in filling pressures may 
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take place during the end stage; however, this appears to be an uncommon develop- 
ment in the natural course of the disease. 


Diastolic Consequences 


Several studies have examined the diastolic function of the hypertrophied left ventri- 
cle. Elevated end-diastolic pressure associated with a small volume indicates poor 
compliance. Absence of a significant correlation between severity of outflow obstruc- 
tion and the magnitude of end-diastolic pressure (34) is not surprising, since the 
bizarre hypertrophy in HOCM is independent of obstruction. Pressure-volume 
loops derived from frame-by-frame analysis of cineventriculograms are probably not 
reliable, since the grossly deformed and hypertrophied ventricular cavity is a far cry 
from the ellipse assumed in these derivations. A simple but effective approach has 
been to analyze left-atrial pressure pulse in diastole. The rate of diastolic pressure 
after mitral-valve opening from V to Y is sharply reduced, indicating poor atrial- 
emptying rate (or poor ventricular-filling rate) during passive diastolic filling period 
(37). Subsequent atrial systole is pronounced, with a prominent @ wave, which is 
well-transmitted into the left ventricle. Visual frame-by-frame cineangiographic 
analysis with injection in the left atrium confirms the paucity of ventricular filling 
prior to atrial systole. Similar observations with right-atrial pressure pulse were 
made from the bedside evaluation of jugular-venous pulse. Recent emphasis on 
diastolic resistance to filling in HOCM has been placed by Goodwin and associates 
(38, 39). An observation of particular interest is the abnormal response of end- 
diastolic pressure to B-adrenergic stimulation. Isoproterenol infusion often raises 
end-diastolic pressure independent of its effects on outflow obstruction. Whether the 
rise in end-diastolic pressure is associated with a change in end-diastolic volume has 
not been clarified. Similarly, there are some data to suggest that -adrenergic 
blockade lowers end-diastolic pressure with an increase in volume (40). Confirma- 
tion of these observations by other methods requires further studies. 4 

Despite an increased resistance to filling, actual obstruction to inflow with a 
diastolic-pressure gradient between left atrium and ventricle is rare. Such instances 
may closely simulate mitral-valve stenosis. ` 


CLINICAL RECOGNITION 


Despite adequate descriptions of “typical” features of HCM with LV outflow ob- 
struction (HOCM, IHSS), it continues to pose a diagnostic challenge at the bedside. 
Its presentation is varied, and clinical features are often confusing. The advent of 
echocardiography has made it a frequent “surprise diagnosis” in cardiology prac- 
tice. Patients present with symptoms common to all forms of LV outflow obstruc- 
tion i.e. dyspnea, angina, syncope, dizziness, and palpitations. Prolonged -angina 
with a loud systolic murmur is often mistaken for manifestations of coronary artery 
disease. Younger patients free of symptoms are frequently referred for evaluation 
of a murmur. Features at the bedside that point to the diagnosis include (a) LV 
hypertrophy, (b) signs of dynamic LV outflow obstruction and mitral regurgitation, 
(c) signs of RV outflow obstruction, and, rarely, (d) signs of LV inflow obstruction. 
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LV Hypertrophy 


Palpation of the left-ventricular apex in supine and/or left-lateral decubitus yields 
valuable information. Powerful systolic thrust of the left ventricle betrays an in- 
crease in muscle mass, and, although less frequent, the characteristic bifid apex in 
systole is virtually diagnostic. A prominent atrial-contraction wave imparts a strong 
presystolic impulse with a palpable a wave to the apex beat. Owing to a loss of 
compliance in HCM, the a wave can attain marked prominence. A trifid impulse 
composed of a prominent a peak and bifid systolic peaks are rarely appreciated at 
bedside, although readily recordable on apexcardiogram. An atrial sound (S4) is 
present in virtually all patients in sinus rhythm. 


Signs of LV Outflow Obstruction 


A jerky arterial pulse with sharp upstroke is typical, although not diagnostic. 
Occasionally a bifid pulse may be felt, especially in the carotid artery. Bifid arterial 
pulse in association with a normal pulse pressure is highly characteristic of HOCM. 
The initial peak results from an early unobstructed rapid ejection, and the later peak, 
presumably from relief of dynamic outflow obstruction as SAM of the mitral leaflet 
returns to its closed position. Pulse contour in HOCM is influenced by the presence 
and severity of outflow obstruction. In the absence of resting obstruction, arterial 
pulse is essentially normal. 

A systolic murmur of variable intensity is present along the left sternal border and 
apex. It is poorly transmitted to the aortic area and neck vessels. It is medium- and 
high-pitched, with its onset after the first heart sound. The murmur resembles a long 
ejection murmur along the left sternal border and attains a regurgitant quality 
(high-pitched, blowing) out toward the apex. The second heart sound is clearly 
audible and both components are well-preserved. Reverse splitting with a delayed 
aortic component is diagnostic for a high-outflow gradient in absence of conduction 
delay. High-pitched ejection click is rare; however, a prominent lower-pitched 
sound (pseudoejection sound) often initiates the murmur. This sound cannot gener- 
ally be distinguished from the onset of the murmur, but is readily recordable by 
phonocardiogram in approximately 50% of patients. A recent study (41) has shown 
that this sound bears a close temporal association with sudden halting of SAM of 
the anterior mitral leaflet as it strikes the interventricular septum. The pseudoejec- 
tion sound is thought to result from a sudden deceleration of forward flow in the 
outflow tract with the onset of obstruction. 

The signs of outflow obstruction, including intensity of the systolic murmur, are 
accentuated by maneuvers that augment the severity of obstruction. Since the 
dynamic-outflow obstruction is variable, so is the intensity of the murmur. Bedside 
evaluation for HOCM must therefore include bacs to the Valsalva maneuver 
and amyl nitrite inhalation. 

The blowing apical murmur of mitral regurgitation varies in most patients with 
the dynamic outflow obstruction. As mentioned previously, accentuation of obstruc- 
tion increases the intensity of the apical murmur and vice versa. In a few patients, 
associated severe mitral-valve regurgitation independent of outflow obstruction may 
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be present. This can be determined by administration of a vasoconstricting agent 
(e.g. methoxamine or angiotensin), which while relieving outflow obstruction, does 
not diminish the murmur intensity. A surgical approach in these patients may 
require surgery on the mitral valve. 


Signs of RV Outflow Obstruction 


Ejection murmur of infundibular pulmonic stenosis (PS) is similar to that noted in 
congenital infundibular pulmonary stenosis. The murmur is most prominent at the 
lower left.sternal edge. Ejection sound is absent and pulmonary-closure sound is 
delayed. The murmur intensity is accentuated by positive inotropic stimuli, but 
behaves differently in response to the Valsalva maneuver. It is softer during peak 
Valsalva effort, and intensifies following its release as the flow is increased. When 
infundibular obstruction accompanies LV outflow obstruction, the clinical signs of 
the latter dominate. However, predominantly isolated RV outflow obstruction may 
be difficult to differentiate from congenital infundibular PS, until evidence for unex- 
plained left-ventricular hypertrophy is sought. 


Signs of LV Inflow Obstruction 


Whereas a prominent atrial sound (S4) is a constant feature of noncompliant hyper- 
trophied left ventricle, a mitral diastolic murmur simulating mitral stenosis may 
occasionally result in diagnostic difficulty. Absence of opening snap and presence 
of unexplained left-ventricular hypertrophy should point to a correct diagnosis. 


Without Obstruction 


Patients with essentially similar symptoms and underlying pathology may show no 
signs of obstruction even on provocation. Presence. of unexplained left-ventricular 
hypertrophy without any of the features of obstruction suggests the diagnosis of 
hypertrophic nonobstructive cardiomyopathy. These patients may have underlying 
concentric or asymmetric hypertrophy. When the latter is present, other family 
members of the patient may have typical features of HOCM. 


DIFFERENTIAL DIAGNOSIS The common conditions misdiagnosed for HOCM 
include mitral regurgitation and coronary artery disease. Differentiation from aor- 
tic-valve stenosis offers little difficulty, although the murmur may simulate discrete 
subaortic stenosis. The latter is an example of fixed obstruction and behaves quite 
differently from the dynamic obstruction of HOCM to the provocative maneuvers. 
Differentiation from coronary artery disease is important, since the wrong diagnosis 
may lead to the wrong therapy, with potentially disastrous outcome. A HOCM 
patient with prolonged ischemic pain and hypotension and pronounced S-T changes 
on electrocardiogram may be mistaken for subendocardial infarction and pump 
failure with early cardiogenic shock. Use of positive inotropic agents may adversely 
influence the outcome by further accentuation of LV outflow obstruction. The 
correct diagnosis can indeed be made if the possibility is entertained, especially with 
the availability of echocardiography. 
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LABORATORY AIDS TO DIAGNOSIS OF HCM 
Electrocardiogram (ECG) 


A routine 12-lead ECG generally shows signs of left-ventricular hypertrophy with 
increased voltage and/or S-T-T wave changes. Despite a massive increase in muscle 
mass, it is surprising that LVH may be conspicuously absent. Thus a nearly normal 
ECG does not exclude HCM. Occasionally, increased electrical forces from the 
massively hypertrophied i.v. septum may produce prominent Q waves simulating 
infarction. These striking changes are present in only 10% of patients. A vectorcar- 
diographic study (42) comparing chronic pressure- and volume-load hypertrophy 
with asymmetric hypertrophy failed to reveal any clear-cut differences. As a group, 
patients with volume-overload LVH tended to have increased “septal” rightward 
forces. j 

Other electrocardiographic features include a short P-R interval, WPW syn- 
drome, left anterior hemiblock, and bundle-branch block. Atrial and ventricular 
arrhythmias may be present. The former may be episodic or permanent, and include 
atrial tachycardia or fibrillation. 


Chest X Ray 


Examination with PA and lateral chest X-ray films is generally unhelpful. Evidence 
of left-ventricular enlargement may be subtle, since the cavity size is not increased. 
Left-atrial size is either normal or only slightly increased, except in a stage of 
advanced decompensation. Pulmonary venous engorgement may be seen, but frank 
pulmonary edema and signs of pulmonary arterial hypertension are rare. 


Echocardiography 


This newer noninvasive technique has provided an important diagnostic aid in HCM 
(22-24). This technique permits a ready evaluation of the thickness of the interven- 
tricular septum and LV posterior wall (LVYPW); their movements with systole; 
end-diastolic and end-systolic dimension of the LV cavity along its minor axis; LV 
outflow size, defined as space between anterior mitral leaflet and interventricular 
septum; and functional aspects of mitral and aortic-valve motion (Figure 1). It also 
permits differentiation of concentric HCM from the asymmetric variety. In the 
former, the I[VS/LVPW ratio is close to unity, while in the latter the ratio exceeds 
1.3 (30). When the ratio of 1.3 is used, some degree of overlap may be observed; 
however, a ratio greater than 1.5 invariably denotes asymmetry. 

In a substantial number of patients with documented asymmetric HCM, echocar- 
diographic demonstration of ASH may not be technically feasible. Patients with 
either the concentric or the asymmetric variety of HCM have a normal or small LV 
cavity. The LV outflow size is narrower in the asymmetric HCM compared to the 
concentric type (normal=20-35 mm). 

The presence of dynamic LV outflow obstruction is diagnosed by analyzing 
systolic motion of the mitral valve. Abnormal systolic anterior motion (SAM) of the 
anterior mitral leaflet with its apposition against i.v. septum localizes the outflow 
obstruction in HOCM. 


244 SHAH 


ECHO FINDINGS IN HOCM (IHSS) 





N 


Figure] A schematic to illustrate by echocardiography the anatomic and functional changes 
in HOCM (a) When echo beam is directed as in “a” right ventricle (RV), i.v. septum (IVS), 
two leaflets of mitral valve (AML, PML), and posterior LV wall (PW) are recorded and serve 
to show asymmetric hypertrophy. The IVS/PW ratio in this example is 1.6. (6) With the echo 
beam directed as in “b,” SAM (arrow in the echo record) of the anterior mitral leaflet can be 
seen as the opening movement (dotted line in the schematic) in systole with encroachment of 
the leaflet into LV outflow space. (c) Further angulation of the beam toward aortic root as 
in “c” shows midsystolic closure of the aortic valve cusps (dotted line in the schematic and 
arrow in the echo record) with reopening in late systole. i 


The SAM begins sometime after completion of early ejection, and is terminated 
in endsystole prior to the second heart sound. The dynamic nature of obstruction 
may be interpreted from variations in the extent of SAM with different maneuvers 
designed to alter obstruction. Patients without resting obstruction have small and 
incomplete SAM, while those with high resting gradients tend to have complete 
SAM consistently noted from one beat to the next. As a result of the dynamic 
midsystolic obstruction to outflow, the aortic-valve cusps may show premature 
closure with late systolic reopening. Diastolic movement of the mitral valve is 
impaired with a flat EF slope. 

To summarize, a combination of narrow LV outflow space, thickened interven- 
tricular septum, and the typical SAM of the anterior mitral leaflet is virtually 
diagnostic for HOCM. When the interventricular septal-to-posterior wall ratio ex- 
ceeds 1.5, asymmetric hypertrophy can be confidently diagnosed. Patients with 
HOCM, with rare exceptions, demonstrate asymmetric septal hypertrophy (ASH), 
although the latter is not specific for HOCM. Additional findings include midsys- 
tolic preclosure of one or more aortic-valve cusps, an inert i.v. septum with dimin- 
ished systolic motion, and reduced diastolic EF slope of the anterior mitral leaflet. 
When SAM is absent at rest and following provocative maneuvers (i.e. Valsalva 
maneuver, amyl nitrite inhalation), it may be inferred that HCM, if present, is of 
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the nonobstructive type. When multiple criteria are observed, a diagnosis can be 
made from the echocardiographic examination alone. However, in the absence of 
clear-cut evidence to support the diagnosis, further diagnostic evaluation may be 
undertaken. 


Cardiac Catheterization—Angiography 


Up until the advent of echocardiography, the final confirmation of a clinical suspi- 
cion rested with hemodynamic studies and selective angiocardiography. As dis- 
cussed previously, a key diagnostic feature is the demonstration of dynamic LV 
outflow obstruction. However, special care must be taken to avoid the recording of 
an artifactual gradient from entrapment of the catheter: This can be recognized by 
careful attention to pressure-pulse contour. Any unexplained distortion of pressure 
pulse should be discarded. Occasionally, cavity obliteration may account for a high 
gradient between LV apex and arterial pressures without reflecting a true outflow 
obstruction. In order to obviate this, a transseptal catheter without side holes placed 
just distal to the mitral valve in the LV inflow should be used. Although this is a 
preferred approach in measurement of pressure gradients, transseptal catheteriza- 
tion is not without hazard. Most laboratories employ retrograde catheterization; 
however, it is important to avoid use of catheters with multiple side holes. 

Selective left-ventricular cineangiography provides some characteristic features. 
Ventricular geometry is altered, with the cavity assuming a sausage shape in the 
RAO projection. Ejection fraction is normal or even increased. End-systolic volume 
is low, with areas of cavity becoming obliterated. A steep LAO projection may 
provide a‘ view of the anterior mitral leaflet as it reopens in systole into the left- 
ventricular outflow space. Papillary muscles are prominent in the distorted LV 
cavity, with a thickened and bulging i.v. septum.. Simultaneous left- and right- 
ventricular angiograms have been reported (43) in a few patients to demonstrate a 
massively thickened i.v. septum, especially in its midportion. These angiographic 
silhouettes are highly characteristic and provide measures (unreliable due to geo- 
metric distortion) of volumes, muscle mass, and ejection fraction. Since echocardi- 
ography generally provides a reliable means of diagnosing HOCM, catheteriza- 
tion-angiographic studies are generally reserved in selected cases for diagnostic 
confirmation, but more often in preparation for surgery. 


MANAGEMENT 


Since the etiology of this bizarre disorder is poorly understood, management is 
largely palliative. The major objectives are to prevent accentuation of outflow ob- 
struction, improve left-ventricular compliance, and prevent and treat complication 
(i.e. cardiac decompensation, bacterial endocarditis) and suppress arrhythmias. It 
is hoped that with appropriate treatment, sudden death may be prevented and life 
prolonged. 


Medical Management 


The common cardiac drugs employed for symptomatic relief of dyspnea or angina 
in other cardiac disorders are either contraindicated or must be used with cau- 
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tion. Thus, use, of digitalis must be avoided except for rapid atrial fibrillation when 
B-adrenergic blockade is unsuccessful or poorly tolerated. Nitrates are contrain- 
dicated and are generally ineffective in relieving angina. Diuretics may be used with 
caution, so as not to lead to hypovolemia. 

Beta-adrenergic blocking agents, notably propranolol, have been extensively used. 
Slowing of the heart rate is generally beneficial. Although amelioration in obstruc- 
tion induced by exercise and B-adrenergic stimulation has been demonstrated (13), 
resting gradients are reduced in only a few instances with labile obstruction. Symp- 
tomatic improvement is often striking and may last several years, although increas- 
ing doses may be needed (14, 15). Some patients fail to experience sustained 
improvement. Recent observations on improved LV compliance with -adrenergic 
blockade (40), if confirmed, may provide a rational explanation for symptomatic 
relief. These agents may also have beneficial antiarrhythmic effects. The dose of 
propranolol should gradually be increased and carefully monitored, especially in 
those without a major component of outflow obstruction. 


Surgical Management 


Considerable experience has been reported with transaortic ventriculomyotomy 
and/or myectomy with muscle resection. Although the rationale for surgical relief 
of obstruction is poorly understood, several studies have documented postoperative 
relief in outflow obstruction both at cardiac catheterization and by echocardiogra- 
phy showing reduction or abolition of SAM of the anterior mitral leaflet. Symp- 
tomatic improvement is often dramatic, with reduction or abolition of systolic 
murmur and other features of LV outflow obstruction. A’ more recent surgical 
approach of mitral-valve replacement to relieve outflow obstruction is usually not 
indicated, except in a handful of patients with severe independent mitral regurgita- 
tion, since the standard ventriculomyectomy restores normal mitral leaflet function. 

Surgical relief of RV outflow obstruction can be successfully carried out, as in 
infundibular pulmonary stenosis. 


Other Measures 


Prophylaxis for bacterial endocarditis should be instituted, since thickened anterior 
mitral valve or endocardial thickening in upper i.v. septum may serve as the locus 
of infection. Symptomatic antiarrhythmic drugs may be employed whien indicated. 
Future studies are expected to better define their indications and role. Use of 
anticoagulants should be considered in the presence of atrial fibrillation, especially 
if systemic embolism is observed. 


ETIOLOGY 


Despite considerable progress in the understanding of clinical hemodynamic, patho- 
logic, and functional aspects of HCM, underlying etiology and pathogenesis of 
development of the disease are shrouded in ignorance. The asymmetric type of HCM 
is almost certainly a genetically transmitted disorder, and the occasional-sporadic 
cases are attributed to the failure to recognize subtle forms of the disease. A recent 


HYPERTROPHIC CARDIOMYOPATHY 247 


study on the genetic aspect, using an echocardiographic marker of asymmetric 
septal hypertrophy (ASH), suggested an autosomal-dominant transmission of the 
disorder (44). It remains to be seen whether the accuracy of echocardiographic 
diagnosis of ASH in otherwise healthy family members of patients proves reliable 
with the subsequent development of other manifestations of the disease. 

Goodwin (45) has postulated a disorder of catecholamine function, possibly an 
abnormal response of myocardium to normal catecholamine actions, as a pathogen- 
etic mechanism, Clinical association between pheochromocytoma, neurofibromato- 
sis, and lentiginosis with HOCM may suggest a genetic disorder of neural-crest 
tissue. Experimental production of massive hypertrophy with obstruction following 
a small sustained infusion of norepinephrine may lend support to this postulate. 
Frequent clinical symptoms of autonomic dysfunction (i.e. excessive sweating) may 
also be noted. 

It is possible that the manifest disorder represents a genetically determined re- 
sponse of hypertrophy to circulatory overload. This abnormal response to stimuli 
such as hypertension,.athletic activities, and increased sympathetic or catechola- 
mine action may be in the form of asymmetric hypertrophy with disarray of muscle 
fibers. Once the process is initiated, these abnormally arranged muscle fibers result 
in systolic and diastolic malfunction, which in turn may provide a stimulus for 
further hypertrophy. 


NATURAL HISTORY 


Longitudinal studies on the course of this disease are limited in the length of 
follow-up, since the medical community has become aware of this entity for less than 
two decades (26-29). The advent of echocardiography over the past seven years has 
permitted early. detection and confirmation of HCM. Future long-term studies with 
additional anatomic and functional observations by this technique are expected to 
provide useful data on its natural course. 

A recent multicenter study (29) of 190 patients with documented HOCM, having 
LV outflow gradient either at rest or on provocation, examined the progression of 
the disease with an average follow-up of 5.2 years, This was largely a retrospective 
study with participation by the Toronto General Hospital, University of Toronto, 
Royal Postgraduate School of Medicine and Hammersmith Hospital in London, 
University of Minnesota Medical Center, and University of Rochester School of 
Medicine and Strong Memorial Hospital. The major conclusions from this study 
were as follows: 


1. Older patients tended to be more symptomatic (NYHA class HI or IV), possibly 
indicating a progressive nature of the disease with time. 

2. Clinical symptoms did‘not correlate with the severity of outflow obstruction or 
the murmur intensity, although there was no class I patient with a resting 
gradient in excess of 100 mm Hg. 

3. After an average follow-up period of 5.2 years, 83% of the 141 surviving patients 
were either clinically improved or stable. 
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4, Sudden death was the most common single cause of demise—18% in the pro- 
pranolol-treated group, 7% in the surgically treated (ventriculomyotomy) group, 
and 16% in the group receiving no treatment. A suggestion that successful 
surgery may protect against sudden death has not been borne out by statistical 
data. 

5. There were no recognizable clinical predictors of sudden death, although it 
appeared to be uncommon after the age of 40 years. 

6. No single symptom or combination of symptoms had a particularly ominous 
prognosis. 

7. Progressive congestive heart failure with visceral congestion was rare, although 
this outcome may turn out to be more common with a longer follow-up of 
patients. 

8. Twelve percent of patients had atrial arrhythmias, and established atrial fibrilla- 
tion was observed in nearly half of these. 

9. Overall mortality from complications of the disease was 18% over a follow-up 
period of 5.2 years, giving an attrition rate of approximately 3.4% per year. 


The grim outlook on the basis of the frequency of sudden death has been sup- 
ported by other studies. A more recent study in children gave an attrition rate of 
4% per year (46). The disorder cannot be considered benign, and the danger of 
sudden death looms in the background despite clinical stability. 

It must be pointed out that the above natural-history studies do not apply to 
patients with HCM without obstruction, although propensity to sudden death has 
also been noted in them. 

The mechanism of sudden death has not been subjected to closer examination, 
although it is speculated to be of arrhythmic origin. Two mechanisms have been ` 
postulated: (a) rapid atrial arrhythmia may initiate ventricular tachycardia, or (b) 
primary ventricular arrhythmia rapidly degenerates into lethal events. A systematic 
quantitation of arrythmia by ambulatory monitoring is urgently indicated. 


FUTURE STUDIES 


A number of gaps remain in our understanding, with ample opportunity for.clinical 
studies. A few of the questions to be examined are (a) is there a relationship between 
ambulatory arrhythmia and sudden death?; (b) will pharmacologic suppression of 
arrhythmias protect against the risk of sudden death?; (c) what is the role of LV 
outflow obstruction to sudden death?; (d) does successful ventriculomyotomy offer 
any protection against sudden death?; (e) what is the role of altered ventricular 
compliance to the clinical outcome?; and (f) can compliance be altered by phar- 
macologic agents? 

Finally, it is well to remember that despite recent knowledge resulting from 
various clinical and functional expressions of the disease, it still represents an 
example of primary myocardial disorder diffusely involving myocardial cells, and 
the subsequent outcome of the disease may only be influenced by understanding the 
basic mechanisms that initiate and propagate it. 
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MYCOSIS F UNGOIDES 


Since Alibert described mycosis fungoides in 1806, there has continued to be confu- 
sion- regarding this disease. Despite recent reviews (1-3), much of the confusion 
persists and only in the last 2 years have cellular and immunologic studies provided 
additional significant data. We would like to list the following significant questions 
regarding mycosis fungoides (MF) and then try to provide current answers to them: 
(a) what is MF?, (6) what is the clinical variation of the disease?, (c) what is the 
cellular nature of MF?, (d) what is the histopathology of MF?, (e) what is the 
immunologic status of MF?, (f) what are the staging procedures for evaluation of 
MF?, and (g) what is adequate therapy for MF? A critical review of the data and 
the opinions derived from them will help set the stage for more progress in the 
management of MF. 


Definition 


It does not seem possible that physicians still define MF in disparate ways, yet from 
Symmers (4) to Reed & Cummings (5) it has repeatedly been stressed that MF does 
not exist, that it is at most a lymphoma involving the skin. Many recent authors, 
for example Clendenning (6) and Lutzner et al (7), state that MF is any lymphoma 
of the skin. The classic description of MF was enunciated once again by Samman 
(8, 9) and reflects the attitude of many dermatologists that MF is best thought of 
as a chronic inflammatory and potentially prelymphomatous cutaneous syndrome 
that presents in three stages: the parapsoriasis or dermatitis stage, the infiltration 
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stage, and the tumor stage. In this view, only the tumor stage is considered lym- 
phoma. Tan et al (10) state that 


... mycosis fungoides (MF) is a chronic granulomatous response to persistent unidentified 
antigen(s), upon which immune imbalance can develop resulting in “auto-immune” phe- 
nomena and, in a few cases, the emergence of various lymphoreticular neoplasms. 


Winkelmann (11) states that MF is a chronic benign epidermotropic lymphoprolif- . 
erative reaction that may develop into true lymphoma. The pathologists, such as 
Symmers (4), who view MF from the autopsy table, recognize that patients dying 
of cutaneous lymphoma may belong to a heterogeneous group that-defies rigid 
morphologic classification. At the National Cancer Institute (NCI) in the United 
States, severe tumor cases of MF are often available for study, so the features of 
lymphoma are always the most apparent and important. The clinical dermatologist 
recognizes the variable and slowly developing benign course and histology of the 
premycosis patient and continues this view to include the infiltration stage, for most 
such patients respond to simple therapy, have a good prognosis, and may even have 
spontaneous healing of skin lesions. 

The injection of mice with allogeneic cells produces inflammation, lymphoprolif- 
eration, and finally, if the animal survives, lymphoma (12). This is identical to the 
stages of MF and its evolution to malignancy. The malignant stage in mice has been 
associated with virus, particularly in the NZB mice. Therefore, experimental im- 
munologic and oncologic models for MF exist that involve the transition from 
inflammation, through immunoreactive proliferation, to lymphoma. In man, benign 
inflammatory cutaneous lymphocytic reticulosis shows the same features. Lym- 
phocytoma, acrodermatitis chronica atrophicans, and Sézary syndrome are clinical 
variants of dermal lymphocytic reticulosis that may develop into lymphoma (Table 
1). It is tempting to consider true MF only as the transitional infiltrative stage II 
Alibert disease, and to regard previous inflammation as premycosis and subsequent 
lymphomas as a definite change to tumor. 


Clinical Manifestations and Course 


The typical three stages of MF were not outlined by Alibert, but were clearly defined 
by Bluefarb (13), who rejected the erythrodermic form and the d'emblée form as 
usually representing lymphoma cutis, not MF. Problems of identification based on 


Table 1 Cutaneous lymphoreticular proliferation 








Benign Lymphocytoma 
Acrodermatitis chronica atrophicans 
Parapsoriasis 

Transitional Mycosis fungoides 


Sézary syndrone 
Eosinophilic reticulosis 
Extramedullary plasmacytoma 


Malignant Lymphoma 
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clinical and histopathologic grounds exist, for in the series of Degos et al (14) 60% 
of patients had the erythrodermic form, whereas in that of Epstein et al (1) only 
10% had this form. In our experience, erythrodermic MF does exist as a rare, 
generalized, confluent extension of infiltrative MF. However, we agree with Bluefarb 
(15) that most cases of “red man” represent some other dermatosis or dermatitis, 
a drug reaction, lymphoma, or Sézary syndrome. The 10% of cases of MF d'emblée 
can be considered as systemic lymphoma with cutaneous tumor involvement, for 
visceral lesions are found within months, if they are not evident when the patient 
is first observed. Although such rapid change is typical of lymphoma, it is not the 
classic MF. We agree with Bluefarb (15) that such cases should be accepted as 
representing “accelerated” MF only if the other stages are clinically and histologi- 
cally visible on the skin at the same time and staging procedures are negative. 

Typical MF has a protracted course, although when the tumor or ulcerative stage 
is reached, it is often only a matter of 2 years or less until death. Individual 
lymphomatous tumors may occasionally be observed and cured with intense X-ray 
therapy during stage I and stage II MF without affecting the course of the basic 
process or the prognosis. Samman (8) has emphasized that the skin lesions of 
premycosis cannot be accurately diagnosed by clinical and histologic criteria and 
that therefore a change occurs when typical stage II MF or stage III lymphoma 
develops. 

For many authors, MF is always the same disease in all stages, whether it can 
be recognized and separated from parapsoriasis or other dermatoses or not. Simi- 
larly, Rappaport & Thomas (16) and Long & Mihm (17) believe that MF is still MF 
in the tumor lymphomatous stage. They emphasize the similarity of the histologic 
picture in the lymph nodes, spleen, and other visceral organs. These authors do not 
believe that MF develops into other forms of lymphoma. Allen (18), Gall (19), 
Montgomery (20), Samman (9), and many others believe that reticulum-cell sar- 
coma (histiocytic lymphoma), lymphosarcoma, Hodgkin’s disease, and leukemia of 
several cell types may occur. What is most important is that all authors agree that 
lymphoma can develop in MF, whether at onset or later, and that when MF does 
manifest itself in tumors, ulcers, or lymphadenopathy, the prognosis is often limited 
to one or two years’ survival. 


The Cytology of Mycosis Fungoides 


MF has been described as a polymorphous reticulosis of the skin with a mixed 
cellular infiltrate composed of lymphocytes, histiocytes, and occasional eosinophils, 
neutrophilic leukocytes, and giant cells. The infiltrate has been characterized by a 
large mononuclear cell with a hyperchromatic nucleus that is found in the dermis 
and epidermis. This cell has been termed the “mycosis” cell, but no further determi- 
nation of its origin has been possible. Touch preparations of MF lesions usually 
reveal a mixture of lymphocytes, monocytes, and eosinophils (21). 

Electron microscopy of MF lesions shows two cell populations: the lymphocytes 
and the larger reticular cells. Orfanos & Stiittgen (22) found large reticular cells with 
many organelles and inclusions. Bonneau & Cesarini (23) studied all three stages 
of MF and noted in the premycosis stage a cellular polymorphism and no malignant 
cells, in contrast to stage III, in which monomorphism of malignant reticular cells 
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was the rule. In stage II these authors found the infiltrate to be a mixture of “MF” 
cells and histiocytes. Lutzner & Jordan (24) described the ultrastructure of the 
Sézary cell as a lymphocyte with a hyperconvoluted nucleus. Lutzner and associates 
(25) noted that the same cells were to be observed in MF, and these authors 
indicated that this cell might be the mycosis cell. It has generally been agreed that 
the lymphoid cells with hyperconvoluted or cerebriform nuclei are typical of, but 
not specific for, MF. Fisher et al (26) noted that the cells of MF were qualitatively 
similar in all stages and that there was no qualitative difference between MF and 
other dermatoses. Fisher et al (26) also stated that the MF cell is a reticulum cell 
and found many intranuclear bodies, as did Sandbank (27). Flaxman et al (28) noted 
cerebriform cells in the cellular infiltrates of lichen planus, solar keratoses, discoid 
lupus erythematosus, vasculitis, and acute guttate parapsoriasis. Thus, electron 
microscopy has not settled the origin of the MF cell. Some believe the MF cell to 
be the cerebriform lymphocyte and others regard it as a reticulum cell. Both cell 
types characterize the ultrastructural appearance of MF. Rosas-Uribe et al (29) 
indicated that masses of hyperconvoluted cells are indicative of MF. 

Burg & Braun-Falco (30, 31), using cytologic and cytochemical techniques, also 
observed two cell types in the lesions of MF. In norma! skin of MF patients, they 
found an increase in monocytes, histiocytes, and macrophages in the papillary 
dermis. Later, perivascular reticulum cells were observed. Vesper et al (32) studied 
MF and parapsoriasis by the skin-window technique and described an early benign 
monocyte population that appeared at the skin window. No antigen stimulus was 
used. These benign masses of monocytes appeared as early as 3 hours. Similar 
preparations of lymphoma nodules produced masses of malignant cells with hetero- 
chromatin and large nucleoli. Increased monocytopoiesis in the bone marrow and 
peripheral blood has been demonstrated by Meuret et al (33) with the tritiated 
thymidine technique. The promonocyte pool was enlarged and the labeling index 
of the promonocytes increased to four to five times normal values. An increase in 
immature and pyknotic monocytes and a new transitional monocyte were observed 
in the peripheral blood. These authors believe that their data support the concept 
that MF is associated with a systemic disorder of the monocyte-macrophage system. 
Seitz et al (34) demonstrated defective monocyte chemotaxis in MF. Burg & Braun- 
Falco (31) also found monocytoid cells in the blood of MF patients. Exfoliative 
cytology of MF has been studied by Goldschmidt & Thew (35), and although 2 of 
18 patients had histiocytes, minimal or no inflammatory or infiltrative cells were 
observed. The sea-blue histiocyte has been observed in MF (36). Brehmer-Ander- 
sson & Brunk (37) used tape stripping for cytologic diagnosis of MF and found 
malignant mononuclear cells with heterochromatin and abnormal nucleoli. Several 
cells were large enough to be considered tumor giant cells of the Sternberg-Reed 
type. 

Intraepidermal reticulosis has been described under the eponym of Woringer- 
Kolopp disease. Clinically, it is typically described as a benign, localized, scaling 
plaque, usually on the foot, although a generalized malignant form has been recog- 
nized. Microscopically, this entity has been compared to MF or intraepithelial 
reticulum-cell sarcoma (38). Merkel cells have been found in the epithelium of 
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patients with this disease by Braun-Falco et al (39) and by Revuz et al (40). It has 
been proposed that this disease, which is microscopically identical to MF, is a 
“Merkeloma.” 

The study of cells from touch imprints of MF lesions stained by the Feulgen 
method and recorded photoelectrically indicates the presence of hyperdiploid cells. 
Van Vloten et al (41) believe that the presence of such cells indicates malignancy 
early in the course of the disease, and that this procedure can distinguish between 
nonspecific dermatitis simulating MF, and true MF in the early stage. Because 
Sézary cells have been shown to be hyperdiploid and present in MF lesions as well 
as other diseases, such as lichen planus, such cells may account for the findings of 
van Vloten et al (41). Cytogenetic studies by Erkman-Balis & Rappaport (42) on 
11 patients with MF showed abnormal karyotypes in four skin biopsies, marker 
chromosomes, and a modal chromosome number ranging from 44 to 50. The 
chromosome changes remained constant in a given case for periods of up to 18 
months. Similar findings were observed in cells from the lymph nodes and visceral 
organs. These findings could not be related to treatment by the authors, nor were 
they changed by treatment. Studies of this type must be related to the extent and 
stage of the disease, and to date they provide the best evidence of neoplastic cells 
in MF. 

The cytologic picture in MF appears to be a polymorphous response composed 
principally of lymphocytes and larger reticular cells. Sheets of cerebriform lym- 
phocytes appear to be characteristic of MF, as does the appearance of a monomor- 
phous malignant reticular cell population. Early stages may show lymphocytes only, 
as in parapsoriasis, or inflammatory cells, as in dermatitis. Increased activity of the 
lymphocyte and monocyte populations has been measured by special studies. An 
unresolved and important question is whether the benign and malignant reticular 
and histiocytic cells observed in MF develop from T lymphocytes. All of the cellular 
reaction of MF could be a T-cell proliferation, at first benign and later malignant, 
or malignant from the onset despite the long course and benign histology. 


Histopathology of Skin Lesions 


The earliest, or eczematous, stage of MF continues to present difficulties in micro- 
scopic diagnosis, and a clinical picture strongly indicative of MF may antedate the 
appearance of diagnostic histopathologic features (W. A. Caro, D. Variakojis, un- 
published data). These early lesions show a variable microscopic picture of chronic 
dermatitis, which may be psoriasiform, poikilodermatous, or nonspecific. The diag- 
nosis of MF may be suggested in these early stages by the identification of atypical 
mononuclear cells with irregular nuclear configurations and frequent hyper- 
chromasia. Because of the lack of specificity of the early histopathologic picture, 
there are no histopathologic criteria for determining the precise onset of MF. 

In the infiltrative plaque stage, the skin biopsy usually reveals the diagnostic 
features of MF (43). The upper dermis shows a dense, often bandlike cellular 
infiltrate with discrete patches of cells lying at all levels of the dermis. The infiltrate 
may contain a multiplicity of cell types, but the basic cell is an abnormal-appearing 
mononuclear cell ranging in size from a medium to a large lymphocyte. The cyto- 
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plasm is usually inconspicuous, and the nucleus has an irregular configuration. 
Larger cells may have irregularly indented or hyperconvoluted nuclei. Some cells 
have markedly hyperchromatic nuclei (mycosis cells); others are paler and show a 
pattern of coarse and irregular clumped chromatin with interconnecting strands. 
Although the larger cells may appear frankly pleomorphic and neoplastic, smaller 
cells may have a more uniform and bland appearance (16). 

The typical MF plaque also has a variable infiltrate of normal-appearing lym- 
phocytes, histiocytes, plasma cells, and eosinophils (43). 

The cells of MF have a special affinity for the epidermis, and this epidermotropism 
is an essential diagnostic criterion for cutaneous MF. The Pautrier microabscess can 
be identified in most biopsies of MF plaques and appears within the epidermis as 
a round clear space within which one finds the same types of cells as in the dermal 
infiltrate. Pautrier microabscesses vary in number, and a large number of sections 
may be required before one is found. 

Although most investigators consider the Pautrier microabscess to be characteris- 
tic of MF (16, 43), occasional reports cite the association of Pautrier microabscesses 
with other conditions. Kim et al (44) and Petrozzi et al (45) identified Pautrier 
microabscesses in cases they diagnosed as reticulum-cell lymphoma, and Ackerman 
and associates (46) have found structures closely resembling Pautrier microab- 
scesses in benign chronic dermatitis. Similar structures have also been identified in 
lymphomatoid papulosis (47-49). 

The other form of characteristic epidermal involvement by MF consists of a more 
diffuse invasion of the epidermis by cells of the infiltrate. In this type of exocytosis, 
individual cells or small groups of cells are surrounded by clear spaces (16), and this 
change is usually easily distinguished from the spongiosis and exocytosis of dermati- 
tis. 

In the tumor stage of MF the infiltrate has become more massive and usually 
occupies the entire dermis, with frequent extension into the subcutaneous fat (43). 
The epidermis may undergo extensive infiltration and ulceration. The abnormal cells 
appear in much larger numbers,/and the inflammatory cells may be totally sup- 
pressed. Some cases show considerable cellular pleomorphism with large numbers 
of bizarre-appearing tumor cells, and such cases may be difficult to differentiate from 
histiocytic lymphoma (16, 43). Other cases may closely resemble Hodgkin’s disease 
with cells indistinguishable from Sternberg-Reed cells, and still other cases may 
suggest a form of lymphocytic lymphoma with diffuse proliferation of relatively 
uniform-appearing lymphoid cells. 


Histopathology of Extracutaneous Involvement 


Extracutaneous involvement usually occurs late in the course of MF, and the 
likelihood of such involvement increases as more extensive and more infiltrated skin 
lesions develop (1, 3). The reported incidence of extracutaneous involvement varies 
from as low as 15% (18) to more than 80% (1, 50). These wide variations reflect 
in part the variations of the disease and in part differing criteria used to identify MF. 
Prolonging life by preventing secondary infection of skin lesions may allow time for 
extracutaneous spread to develop (16). 
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Besides the skin, specific involvement occurs most commonly in lymph nodes, 
followed, in varying order of frequency, by lung, spleen, liver, and kidney (1, 16, 
17, 50, 51). Bone-marrow involvement occurs somewhat less often, although virtu- 
ally any organ may be affected. 

Rappaport & Thomas (16) have listed histopathologic criteria common to all 
areas of involvement. The cellular proliferation consists of atypical mononuclear 
cells that are essentially the same as those in the skin. Some distinctive cells have 
deeply infolded nuclei, and others have large hyperchromatic nuclei that may or 
may not be indented (mycosis cells). The cellular infiltration of organs and tissues 
is usually less destructive than that in other malignant lymphomas, and the underly- 
ing architecture is often well preserved. The affinity of the cellular infiltrate for 
epithelial structures also occurs in other areas of epithelium, such as the renal 
tubules or bladder epithelium (16). 

Rappaport & Thomas (16) believe that the cytology of the infiltrate, the distribu- 
tion in extracutaneous tissues, and the cellular pattern within an organ are charac- 
teristic for MF and do not suggest other malignant lymphomas. Less classic 
extracutaneous involvement may be more difficult to differentiate from other malig- 
nant lymphomas with cellular patterns resembling Hodgkin’s disease or histiocytic 
or lymphocytic lymphoma. Although many authors believe that these patterns 
represent transition of MF into other malignant lymphomas (51, 52), others regard 
them as variants of MF itself and deny that such transition takes place (16, 17). 

Involvement of lymph nodes, the most common extracutaneous site, presents 
special problems (16). Involvement ranges from dermatopathic lymphadenitis with- 
out evidence of MF to nodes with total involvement. Nodes with focal involvement 
can also be identified as showing MF. Dermatopathic lymphadenitis may resemble 
MF nodal involvement, because the extensive proliferation of the larger histiocytes 
replaces normal nodal tissues in a manner similar to that in MF. The differentiation 
from lymphocytic lymphoma and histiocytic lymphoma may be difficult, but in MF 
one often finds areas of residual normal lymphoid tissue even in diffusely involved 
nodes (16, 53). Identification of the characteristic cells with their infolded nuclei also 
helps to distinguish MF from other malignant lymphomas (16). Small numbers of 
the cells may be present in dermatopathic lymphadenitis, but their presence in 
clusters or sheets is indicative of MF (29). 

The diagnosis of dermatopathic lymphadenitis in MF carries with it a serious 
prognosis, even though MF cannot be demonstrated in the lymph nodes. Patients 
with dermatopathic lymphadenitis have diminished survival when compared with 
MF patients who do not have nodal involvement (2, 54). This finding suggests that 
dermatopathic lymphadenitis may serve as an indicator that extracutaneous spread 
has occurred, even though it cannot be identified at that time. Karyotype abnormali- 
ties have been demonstrated in lymph nodes with dermatopathic lymphadenitis in 
patients who have MF, and this further suggests that these nodes are already 
involved (42). 

In studies of extracutaneous involvement, there has been a close correlation 
between lymph-node involvement and visceral involvement. In the series of Variako- 
jis and associates (53), two of three patients with MF demonstrated in lymph nodes 
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had splenic involvement. Rappaport & Thomas (16) reported that all 24 autopsied 
patients with lymph-node MF had visceral involvement, and 4 patients without 
demonstrable lymph-node involvement also had visceral involvement. These 
autopsy data suggest that the barrier to the spread of MF may lie within the skin 
and that lymph nodes are affected in a sequence similar to that in other extracutane- 
ous sites (16). Thus the failure to demonstrate MF in lymph nodes gives no assur- 
ance that the patient lacks other extracutaneous involvement, and the finding of MF 
in lymph nodes strongly indicates other extracutaneous involvement. 


Immunopathology 


The patient with MF may be healthy for years, and during this time normal 
delayed-hypersensitivity skin tests may be found (55). The patients are readily 
sensitized to locally applied dinitrochlorobenzene (56) and, during treatment, to 
nitrogen mustard (57). Drug reactions and contact dermatitis occur readily in 
patients with MF and are often the cause of erythroderma. Direct immunofluores- 
cence does not reveal cells with surface immunoglobulins, although Lai A Fat and 
associates (58) have demonstrated occasional cells that they believe synthesize im- 
munoglobulins in the dermal infiltrate of MF. Occasionally, a band of immuno- 
globulins is deposited at the dermo-epidermal junction in an MF lesion (59). It is 
easy to extract masses of cells with the T-cell property of forming sheep RBC 
rosettes from-lesions of MF. These cells can be stimulated by phytohemagglutinin 
(60, 61). 

Clendenning et al (62) observed a few cerebriform lymphocytes in the blood of 
20% of NCI patients with MF. In only 1 of 150 cases of MF have Sézary cells been 
observed at the Mayo Clinic. The peripheral lymphocytes from MF in stage I and 
stage II showed normal response on phytohemagglutinin stimulation (63). In the 
tumor state, an inhibition of DNA synthesis and blast transformation were found. 
Lutzner et al (7) found that the lymphocytes of MF patients usually respond 
normally to nonspecific mitogens, specific antigens, and mixed-lymphocyte culture. 
Only when delayed-hypersensitivity tests failed (stage III lymphoma) were there 
alterations in responses. Umbert et al (64) noted circulating macrophage migration 
inhibition factor in patients with stage II MF, presumably correlated with T-cell 
activity, but migration inhibition factor was not found in stage I or stage IH MF. 
The number of circulating T lymphocytes in MF is usually normal or slightly 
depressed. There is often an increase in circulating B lymphocytes, particularly with 
IgM and IgD receptors, according to Carapeto et al (65). Tan et al (10) found 
normal B-cell values, in contrast to the study of Carapeto et al, wherein only two 
of seven patients had normal numbers of blood B lymphocytes. Confirming B-cell 
changes, Kawacki et al (66) found serum y-globulin concentration to be higher in 
MF than in lymphoma. Significant increases in IgG and IgA were found in all cases. 
Blaylock et al (55) found elevated IgA in 8 of 12 patients with MF. Tan et al (10) 
found an elevation of IgE in all patients studied, although only two were atopic. 
Polyclonal gammopathy of the IgG-IgM type has been observed. Herrmann & 
Gartmann (67) reported finding cryoglobulins in two of eight cases of MF. Organ- 
specific antibodies were observed in 13 patients by Tan et al (10), and antinuclear 
antibody was found in 10 of these 13 patients. 
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Staging 


Information derived from staging procedures in Hodgkin’s disease and non-Hodg- 
kin’s lymphoma has clearly indicated that not all cutaneous lymphoma is stage IV 
(68). Localized primary cutaneous lymphoma with a serious prognosis and that with 
a favorable prognosis can and must be distinguished for proper therapy. Histologic 
classification of non-Hodgkin’s lymphoma in general has revealed a relation between 
histologic type and prognosis (69). Kim and associates (44) could not find a differ- 
ence in prognosis among cases of histiocytic, monocytic, or undifferentiated reticu- 
lum-cell sarcoma of the skin, but the numbers of cases were too small to be treated 
statistically. The modified Ann Arbor classification notes that extranodal involve- 
ment may be stage I-localized; stage H-localized in two or more sites on the same 
side of the diaphragm; stage III-localized on both sides of the diaphragm; and stage 
IV with diffuse involvement (70). Winkelmann (71) proposed a staging classification 
created specifically for skin lymphoma that recognizes stage I focal cutaneous 
lymphoma, stage II limited to contiguous areas, stage III generalized cutaneous 
involvement only, and stage IV cutaneous involvement with visceral lymphoma. 
Regional lymph-node involvement associated with focal skin involvement was sug- 
gested as a subset within that particular stage and indicated that no visceral nodes 
were present. 

Staging examinations include complete history and physical and laboratory exam- 
ination, including skin biopsy. Blood and marrow studies should include the hemo- 
globin concentration, the RBC, WBC, differential, and platelet counts, a special 
smear for Sézary or other atypical cells, and a bone marrow biopsy (50, 72). The 
bone marrow examinations have usually been negative. Lymphocytopenia often 
occurs at some time in the course of MF and may represent transition to lymphoma, 
for Fuks et al (54) found it to be a poor prognostic sign. Delayed hypersensitivity 
skin tests and sensitization with dinitrochlorobenzene are important procedures, for 
the depression of this response correlates with a poor prognosis. 

X-ray examinations for staging include studies of the chest, gastrointestinal tract, 
and renal system. Liver and renal function studies and routine blood chemistries are 
required. The technetium liver and spleen scan is useful, but an enlarged liver or 
abnormal liver function often does not indicate microscopic involvement in either 
MF or Sézary syndrome. The enlarged spleen is an important finding, and it may 
contain microscopic MF, as in the study of Griem et al (72). The largest normal 
spleen was 155 g, and of five abnormal spleens at laparotomy the weight was more 
than 250 g in all. Three of these spleens had an abnormal scan. Whole-body and 
bone scans have not been helpful to date. 

Palpable lymph nodes are most often found to be dermatopathic lymphadenopa- 
thy on microscopic examination. Lymph-node biopsy of palpable lymph nodes is 
necessary, and serial biopsy is not inappropriate to monitor progression of the 
disease. MF cells are found in lymph nodes, and their presence without destruction 
of lymph-node architecture and associated with additional cytologic features of 
malignancy must be further evaluated. Positive findings in regional lymph nodes 
indicate a poor prognosis; Fuks et al (54) noted that palpable nodes of any histologic 
type indicated a poorer prognosis. On this basis, it is recommended that every 
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patient with MF have a biopsy of palpable lymph nodes or that a blind lymph-node 
biopsy of nonpalpable nodes be done. 

Lymphangiography has been found to be helpful in assessing lymphadenopathy 
in Hodgkin’s disease. This study provides useful help in assessing retroperitoneal 
lymph node involvement and should be done before laparotomy (54). Although both 
faise-positive and false-negative results are observed, it has an established place in 
the staging of lymphoma. Escovitz et al (73) studied 44 patients who had biopsy- 
proved MF, and found 10 of 25 with no clinical evidence of lymph node disease who 
had significant lymphangiographic evidence of lymphoma. Serial lymphangiograms 
were negative, but at the Mayo Clinic, Winkelmann has noted the pseudolymphoma 
change produced by serial lymphangiography. Inferior venacavography can also 
demonstrate involved lymph nodes (72). 

Laparotomy for staging MF has not been performed often, and only two reports 
on the same patient population exist (from the University of Chicago) (53, 72). 
Laparotomy is important for extranodal lymphoma, because 60% of such patients 
do have viscera] disease, the pattern of the disease is not the same as that in nodal 
Hodgkin’s disease, and decisions regarding therapy are often influenced by the 
specific findings. Then too, it is not unusual to find negative laparotomies in patients 
whose previous staging studies indicated visceral lymphoma. The very elderly, 
debilitated patients, patients with severe secondary infections, and patients with 
other histologic evidence of visceral disease should not be considered candidates for 
laparotomy. Variakojis et al (53) and then Griem et al (72) reported on 14 patients 
with various clinical presentations who underwent laparotomy. Clinical skin mor- 
phology did not correlate with laparotomy findings. MF was found in the lymph 
nodes in three, in the spleen in four, and in the liver in two patients. All patients 
had chemotherapy, irradiation, and considerable local therapy for 1-2 years before 
laparotomy, and five patients had tumors or generalized plaques. These investigators 
believe that patients with lymphadenopathy, splenomegaly, or abnormal spleen 
scans or lymphangiograms should be considered for staging laparotomy. The finding 
of convoluted cells in lymph nodes, spleen, and other organs can occur in two ways: 
(a) localized proliferation in the T-cell areas as in the skin and (4) generalized 
proliferation with tissue destruction and cellular anaplasia. These two qualities 
should be clearly distinguished in future studies and related to the stage of the 
disease and its outcome. 


Treatment of Mycosis Fungoides 


Levi & Wiernik (3) have reviewed the therapy of MF, and the’three general modes 
of treatment include topical therapy, radiotherapy, and systemic chemotherapy. 
Topical therapy and radiotherapy are indicated when involvement is limited to the 
skin, and systemic chemotherapy is employed for more extensive disease. 

In recent years, investigators have been adopting a more aggressive attitude 
toward the treatment of MF (3, 57, 74-76), based on the following assumptions: 


1. MF is a malignant lymphoma and, along with other malignant lymphomas, is 
potentially curable if treated vigorously in an early phase. 
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2. The ability to measure the extent of the disease in skin and extracutaneous 
locations is becoming more precise, and this enables the clinician to define more 
accurately the type of treatment indicated. 

3. Newer treatment programs are becoming available, which may make it possible 
to achieve a cure in early cases and significant prolongation of life in advanced 
cases. 


Recently used topical agents in established MF include fluorinated corticosteroids 
(77, 78), nitrogen mustard (57, 76), nitrosourea compounds (79, 80), and topical 
cutaneous sensitizers (81, 82). Clinicians have long used topical corticosteroids in 
the treatment of premycotic eruptions, but studies have shown that fluorinated 
corticosteroid creams, when applied with occlusive techniques, will cause regression 
of mild to moderately advanced lesions (77, 78). This response is not based solely 
on the suppression of the inflammatory response, for serial biopsies during treatment 
have revealed the disappearance of both neoplastic and inflammatory cells (78). The 
adequacy of response is proportional to the concentration of the steroid, but the 
regression of lesions is temporary and there is ultimate recurrence. 

Nitrogen mustard (HN2) was first employed for the topical therapy of MF more 
than 20 years ago and now assumes a major role in the treatment of MF confined 
to the skin (57, 76). Various treatment schedules have been employed; 10-40 mg 
of HN2 is dissolved in 50-60 ml of water, and the solution is applied to the entire 
body surface at intervals ranging from twice daily to two or three times a week. The 
time until total resolution of lesions varies from approximately one month to more 
than a year; the more extensive and more infiltrated lesions respond more slowly. 
The more extensive the disease, the less likely that a total remission can be achieved, 
although patients with the tumor stage of the disease have had complete regression 
of lesions. Heavily infiltrated plaques and tumors responding less adequately to 
topical HN2 have been directly injected with the drug (59). After regression of 
lesions, the frequency of HN2 applications can be reduced to once weekly for 
maintenance, and this is continued indefinitely. This form of therapy has produced 
an encouraging number of sustained remissions (57). 

Topical HN2 has not been associated with systemic toxicity or bone-marrow 
depression, although a variable percentage of patients experience delayed hypersen- 
sitivity reactions to HN2 (83). Although patients with such hypersensitivity reac- 
tions often experience more rapid clearing of skin lesions, such reactions are not 
necessary for a satisfactory response (57). Hypersensitivity to HN2 has been 
managed by desensitizing the patient with the intravenous injection of minute 
amounts of HN2. Specific immune tolerance to HN2 also has been achieved before 
therapy is initiated (57). 

Delayed hypersensitivity reactions in themselves have been found beneficial in 
stimulating regression of MF lesions. Patients with MF retain normal delayed 
hypersensitivity responses until late stages of the disease, and Ratner and associates 
(81) noted temporary regression of MF plaques after the application of 2, 4-dinitro- 
chlorobenzene (DNCB) and S, 2-aminoethylisothiuronium (AET) to lesions in 
patients previously sensitized to these compounds by topical application. The puri- 
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fied protein derivative (PPD) of tuberculin has produced similar results (82), and 
the field of immunotherapy is currently under active investigation. 

The nitrosoureas, another group of compounds used in systemic cancer chemo- 
therapy, have produced encouraging results with topical application to MF plaques 
or to the entire body surface (79, 80). The more active compounds include 
1,3-bis-(2-chloroethyl)-1-nitrosourea (BCNU) and 1-(2-chloroethyl)-3-cyciohexyl-1- 
nitrosourea (CCNU), and these have produced partial or complete regression of 
early to moderately infiltrated MF lesions. Bone marrow toxicity may occur, as may 
cutaneous telangiectasia and hyperpigmentation. 

Various forms of radiotherapy have been used for many years in the treatment 
of MF, although local and whole-body orthovoltage irradiation has gradually given 
way to the use of electron beam therapy (3, 74, 84-86). Electrons generated at 
2.5-3.5 MeV represent an effective mode of therapy of MF and have the advantages 
of (a) ease of whole-body irradiation at uniform dosage, (b) controlled limited 
penetration of the beam, (c) small integral dose of radiation delivered to the patient, 
and (d) limited bone marrow suppression. As in the case of topical therapy, use of 
the electron beam as the only means of therapy must be restricted to patients who 
do not have extracutaneous spread of MF. 

In a currently employed program, delivery of 2000 to 3500 rads over a 40-day 
period has produced sustained total remission after a single course of treatment, 
which suggests the possibility of cure in patients with disease limited to the skin (3, 
75). Success of therapy has been directly proportional to the total dose employed 
and inversely proportional to the extent of involvement. 

Side effects of electron beam therapy have included cutaneous telangiectasia and 
poikiloderma at higher dose levels, and hyperpigmentation, xerosis, onycholysis, 
and epilation as less severe reactions. Bone marrow depression may also occur, but 
usually is transient with currently employed techniques. 

Systemic chemotherapy has been reserved for patients with extracutaneous MF, 
and many have advanced disease at the time such therapy is initiated. At present, 
no mode of drug therapy has substantially lengthened the course of the disease (1), 
and remissions are usually short-lived and seldom exceed 6 months without mainte- 
nance therapy (16). With maintenance therapy, occasional patients may survive a 
year or longer (16). 

Most therapeutic programs have utilized single drugs. Nitrogen mustard (87, 88) 
and cyclophosphamide (Cytoxan®) (89-91) have been used in relatively large num- 
bers of patients, and good initial response rates have been achieved. Methotrexate 
(92) also has been widely used, with variable responses. Chlorambucil (Leukeran®) 
` as a single agent has been disappointing in the treatment of MF. 

Azaribine (93, 94) and bleomycin (Blenoxane®) (95-98) have been employed more 
recently and have produced some high response rates of varying duration. Use of 
systemic corticosteroids has been abandoned because of the brief duration of effec- 
tiveness. 

Combined chemotherapy as employed in the treatment of other malignant lym- 
phomas has not had widespread study in MF (1, 3, 16). The combination of nitrogen 
mustard, vincristine, procarbazine, and prednisone (MOPP) produced a favorable 
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response in three of four patients (3), and a single patient remained clear of lesions 
for more than a year with the combination of cyclophosphamide, vincristine, and 
prednisone (COP) (99). Another patient, who had become resistant to a COP 
program and to other modalities, responded to bleomycin and remained clear of 
lesions with maintenance therapy with a combination of bleomycin, cyclophospha- 
mide, and prednisone during an 8-month period of observation (97). 


SEZARY SYNDROME 


The Sézary syndrome (erythroderma with circulating atypical mononuclear cells) 
has passed from engendering disbelief to being accepted as a clinical fact. There are 
four known typical and variant syndromes: pre-Sézary syndrome, Sézary syndrome, 
Sézary phenomenon, and T-cell leukemia. Reviews such as the Sézary symposium 
at the Mayo Clinic (100), the Sézary Grand Rounds at the NCI (7), and the Prosser 
White Oration (101) have summarized the clinical, cytologic, pathologic, and im- 
munologic facts about this disease. It is now accepted that the Sézary cell is an 
atypical lymphocyte with a convoluted nucleus and an ample cytoplasm, often with 
vacuoles or pseudopods. In phase microscopy, cytochemistry, electron microscopy, 
and freeze-fracture studies, the cerebriform, folded nucleus is striking. Sézary syn- 
drome is found in patients whose disease may begin as a chronic, spreading dermati- 
tis or as an infiltrative erythema, eventually generalizing to a total erythroderma. 
Winkelmann (102) summarized the clinical findings in 28 cases, indicating that 
erythroderma, edema, and pruritus were present in all. Additional findings of alo- 
pecia, onychodystrophy, keratoderma, and pigmentary changes were often ob- 
served. Lymphadenopathy and hepatomegaly were benign when they occurred. 
Staging procedures in all cases, including bone marrow examination, liver and 
spleen scans, and laparotomy in five cases, were negative. Results of laboratory tests 
are noncontributory except for an occasional lymphocytosis. The diagnosis could 
be suggested by the benign dermal lymphocytic reticulosis observed as a bandlike 
infiltrate on skin. biopsy in most cases (103). Pruniéras et al (104) have demonstrated 
with tritiated thymidine studies that these cells show DNA synthesis. Touch prepa- 
rations produced clusters of atypical lymphocytes in half the cases studied. 

In addition, the Sézary phenomenon, consisting of Sézary cytemia, may occur in 
mycosis fungoides on a transient basis or in lymphoma such as Hodgkin’s disease 
as a reactive phase of the disease process in patients who may or may not have 
erythroderma. T-cell leukemia is most commonly observed in children, but is also 
seen in adults as a progression from the erythroderma of Sézary syndrome. This is 
exemplified by the NCI cases of erythroderma, lymphadenopathy, splenomegaly, 
bone marrow infiltration, elevated sedimentation rate, and markedly elevated white 
count of more than 100,000 cells/mm’. Pre-Sézary syndrome may be recognized by 
low Sézary cell counts in the peripheral blood, but daily counts may reveal high 
pulses of Sézary cells (105). 

Sézary syndrome may involute spontaneously, as it did in one of the Mayo Clinic 
patients (106). Lymphoma may occur, as it has in most of the NCI cases, but more 
rarely in cases reported in the literature and in only 4 of 28 cases at the Mayo Clinic. 
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The Mayo Clinic cases of lymphoma involved lymphosarcoma, reticulum-cell sar- 
coma, Hodgkin’s disease, and myelomonocytic leukemia. Four additional patients 
were treated with chemotherapeutic drugs, and they died as a direct consequence 
of this therapy. Another major group died of cardiovascular and infectious compli- 
cations of their illness, treatment, and old age without lymphoma. A large group 
of nine patients has been treated to remission with rest, nursing care, oral predni- 
sone, and low-dose chlorambucil (2-6 mg/day). In the patients treated into remis- 
sion, many positive patch tests were observed, indicating a high degree of active 
cutaneous delayed hypersensitivity. Three cases of photocontact dermatitis to 
salicylanilide are particularly striking. In three patients with atopic erythroderma, 
Sézary syndrome gradually developed while they were under observation, passing 
from pre-Sézary to Sézary syndrome. Normal lymphocytes in tissue culture may be 
stimulated by mitogen to resemble Sézary cells. Sézary syndrome can therefore 
develop from drug reactions, contact dermatitis, atopic dermatitis, or as a manifesta- 
tion of these or other causes in patients with lymphoma. 

The interest in the immunologic background of Sézary syndrome was heightened 
when a series of laboratories studied the cells and found an absence of receptors for 
immunoglobulins and complement and noted that the cells form rosettes with sheep 
RBCs (107). Massive numbers of T cells in the peripheral blood and skin were noted, 
and Sézary syndrome was termed a T-cell erythroderma. The cells were found to 
give a variable response to mitogens such as phytohemagglutinin and pokeweed, 
specific antigens, and mixed lymphocyte culture. The depression of response was 
most noteworthy in the NCI cases (108) and those of Braylin et al (109), perhaps 
related more to the lymphoma potential or reality in those cases. The defect of 
response in the NCI cases was not due to a circulating factor, but was a cellular 
property (7). It is recognized that there are patients with several‘ clonal types of 
lymphoproliferative Sézary cells: the usual T cell, which is reactive and benign; the 
more malignant leukemic, unresponsive T lymphocyte; cells with properties of both 
T and B cells; and cells with null cell properties (110-112). 

Carapeto et al (65) noted the increase in peripheral blood T-cell population, but 
also found a consistent decrease in B cells. A patient with atopic erythroderma 
whose disorder was observed to progress from pre-Sézary syndrome with 2-3% 
circulating Sézary cells to 30% Sézary cells showed a concomitant decrease in IgE 
levels, which indicated less B-cell activity (102). In leukopheresis, billions of T cells 
are removed, but the number of B cells increases. The balance of B and T cells may 
be as important as their individual values. 

Crossen et al (107) noted cytogenetic changes in their case of Sézary syndrome, 
with hyperploidy and marker chromosomes. This finding was confirmed by Lutzner 
et al (113) and pointed to the selective proliferation of special clones of lymphocytes. 
Dewald et al (114) noted hypoploidy and marker chromosomes in a patient who had 
had Sézary syndrome for 9 years treated with considerable chemotherapy, and who 
died of infection without lymphoma. It is tempting to relate the chromosomal 
changes to malignancy, but cases such as the one cited above suggest caution. Many . 
cases of Sézary syndrome at the Mayo Clinic and also now in Paris have been 
described in which there were normal chromosomes. In many cases with chromo- 
some changes, malignancy has not developed. 
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Pathogenesis may be related to age-induced endogenous antigens or exogenous 
physical or chemically induced antigens, acording to Pruniéras (101). Chronic 
contact dermatitis may be the most common cause of the erythroderma, and this 
is supported by the multiple positive patch tests found in cases in remission. T-cell 
proliferation is also associated with circulating macrophage migration inhibition 
factor (115), and eight of nine reported cases of Sézary syndrome have shown 
migration inhibition factor activity (64). Tan et al (10) considered mycosis fungoides 
to be a disease of antigen persistence and therefore T-cell activity. 

Many authors believe that Sézary syndrome is erythrodermic mycosis fungoides, 
and the presence of hyperconvoluted T cells in both states supports this hypothesis. 
It is admitted that the cell is present in banal dermatoses and that its presence is 
nonspecific. The evolution of three stages of mycosis fungoides contrasts with the 
dermatitis-erythroderma evolution of Sézary syndrome. Mycosis fungoides is epi- 
dermotropic, and Sézary syndrome is a dermotropic lymphoproliferative disease. It 
is perhaps wise to consider these two states as morphologically unique, T-cell- 
transitional, cutaneous responses to unknown antigens wherein the commitment to 
a specific course has not occurred. If we consider these as transitional lymphoreticu- 
lar proliferations of the skin, then the spontaneous resolution, chronic persistent 
course, or progression to lymphoma may all be expected. Table 1 provides a partial 
list of benign, transitional, and malignant lymphoreticular diseases of the skin. 
Sézary syndrome is an immunoreactive state with a malignant potential that may 
be controlled by appropriate therapy. It offers a magnificent opportunity to study 
the T-cell response, the relation of T-cell and B-cell interaction in humans, prelym- 
phomatous disease, and the transition to lymphoma. 
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INTRODUCTION 


Coronary artery disease afflicts 5% of the United States adult population; 3.1 million 
Americans between ages 18 and 79 definitely have coronary artery disease and 
another 2.4 million are suspected to have the disease. There are in excess of one 
million myocardial infarctions per year in our country, with a mortality rate ap- 
proaching 40%. . 

There is little wonder that coronary artery bypass surgery, since its inception 10 
years ago, has rapidly risen to its present position as one of the most frequent 
surgical procedures in this country. Indications are constantly changing, due to 
continued analysis of the results of surgery in terms of patient morbidity, mortality, 
and relief of symptoms. 

Perhaps more importantly, this surgery has stimulated an intensive study into the 
natural history of patients with coronary artery disease expressed as angina pectoris 
or myocardial infarction, and the knowledge gained from this natural history of 
coronary disease has itself dictated changes in the indications for coronary bypass 
surgery. . 

Surprisingly, few objective, well-designed, randomized studies have been re- 
ported; thus current information must be obtained by the accumulation of a large 
number of often incomplete or not ideally designed reports. 

This review attempts to assimilate the current data available on coronary bypass 
surgery and to analyze it as objectively as possible. 


OPERATIVE PROCEDURE 


Bypass of the diseased proximal coronary artery is now most often accomplished 
by grafting a saphenous vein from the proximal aorta to the distal coronary artery, 
or less commonly by grafting the distal end of the internal mammary artery to the 
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distal coronary artery. The internal mammary is usually reserved for low-flow 
situations where vein-graft patency might be threatened. The advantages of the 
internal mammary are its high patency rate and the likelihood that long-term 
prognosis is better with an arterial conduit. 


Operative Mortality 


Overall surgical mortality for coronary bypass is now less than 5% and, as expected, 
the mortality varies between institutions (1-20). In those institutions reporting their 
experience over a period of years, the mortality decreases with time. (2, 7-9, 14, 19). 
This drop in mortality probably reflects increased technical expertise, but more 
importantly, greater experience in patient selection. Undoubtedly the most impor- 
tant factor in predicting the risk of surgical mortality is resting left-ventricular 
function. Second in importance is the presence of left main coronary disease. Unsta- 
ble angina, number of vessels diseased, previous propranolol therapy, age, and 
diabetes all contribute much less to operative mortality or are insignificant. 

The significant effect of poor resting ventricular function on operative mortality 
is illustrated in Table 1 (12, 21-23). The parameter of measurement of ventricular 
function in these studies is the ejection fraction (the ratio of stroke volume to 
end-distolic volume). The lower limit of normal for the ejection fraction is generally 
accepted as 50%. — 

Left main coronary disease is found in about 4% of patients with coronary disease 
(24-28), and when present contributes significantly to an increase in operative 
mortality. Early mortality figures were as high as 31% (23, 25); but with improved 
surgical technology (29), this figure has decreased to about 10% (24, 26-28, 30-34). 

In earlier reports, surgery in patients with unstable angina resulted in a higher 
mortality than surgery for stable angina, (35, 36). However, since the initiation of 


Table 1 Surgical mortality related to ventricular ejection fraction 














Ejection fraction (%) Operative mortality (%) 
Seattle VA Hospital (12) 

< 33 : 33 

> 33 : , 3 
Peter Bent Brigham Hospital (21) 

< 50 35 

> 50 . 3 
Penn State University Hospital (22) 

12-30 25 

31-40 12 

41-50 4 

> 50 4 
Duke University Hospital (23) 

< 25 55 


> 25 ` 4 
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the practice of stabilizing patients medically prior to surgery, this mortality has 
dropped (35, 36-39), so that now it is comparable to the mortality for stable angina 
(37-44). 

Generally, the number of diseased coronary arteries or the number of grafts 
placed has little influence on mortality (3, 5, 8, 9, 12, 19, 20, 23, 45). 

Older patients, especially those over 70 years of age, have a higher surgical 
mortality (14, 20, 46, 47); however, in at least one study this higher mortality was 
attributed to a much higher incidence of poor ventricular function in this older 
group (46). Diabetes does not appear to contribute significantly to surgical risk (48, 
49), but may influence patency rates of the grafts. 

Surgery in the immediate post-myocardial infarction period carries a mortality 
of 20-100% (50-52) and certainly affects initial surgical mortality. The relationship 
between time after infarct and surgical mortality in one study is shown in Table 2 
(53). Since surgery in the post-infarct period is usually performed only on severely 
ill patients, this high mortality probably reflects the result of surgery on patients 
with infarct-related complications, rather than the temporal effect of the infarct 
itself. . 

There appears little indication for coronary-artery surgery in the setting of an 
uncomplicated acute myocardial infarctiòn until the survival with coronary artery 
surgery increases to above the 85% survival in coronary-care units (CCUs) in 
patients with acute myocardial infarction. 

Patients ìn cardiogenic shock due to acute myocardial infarction have been 
managed with intraaortic balloon assistance, followed by catheterization and coro- 
nary bypass surgery if they remain balloon-dependent. This was partly stimulated 
by the report of low operative mortality in patients treated surgically immediately 
after uncomplicated infarction (54) and an initial report of increased survival in 
patients treated surgically for shock (55). However, later reports overwhelmingly 
suggest that the operative mortality is inordinately high (51, 56, 57). Surgery should 
probably not be undertaken in the majority of these patients. 


Operative Morbidity 


Myocardial infarction occurs in about 10% of coronary-bypass operations with the 
range reported to be 4-21% (2, 5, 10, 13, 14, 16, 47, 58-67). Despite the popular 
thought that infarction during surgery is more benign than the usual nonsurgical 
infarct, the reported perioperative infarction mortality of 20-40% (5, 6, 45, 47, 65, 


Table 2 Surgical mortality related to acute myocardial infarction 

















Days post infarct i Surgical mortality (%) 
0-7 38 
8-30 16 
31-60 6 
> 60 6 


No infarct ' : 4 
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66) suggests that it carries the same significance. Myocardial infarction is the cause 
of most immediate surgical deaths and is associated with almost all deaths in the 
1-30-day postoperative period (13, 60, 68). Although infarction is definitely asso- 
ciated with a higher than usual incidence of graft occlusion, about as many patent 
grafts as occluded grafts are found to the infarcted area (16, 68), and about 25% 
of infarcts occur in areas supplied by ungrafted vessels (62, 68). Graft occlusion does 
not necessarily cause infarction—in one study only 15% of graft occlusions resulted 
in infarction (69). f 

Bypass grafting is associated with an increase in the progression of proximal 
coronary artery obstruction during the following six to twelve months in about 60% 
of cases (range:20-73%) compared to 15% (range:10-23%) in ungrafted arteries in 
the same patients. Proximal occlusion occurs in about 50% (range:20-63%) com- 
pared to 5% (range:2-8%) in ungrafted arteries (70-77). Although the rate of 
progression is slightly lower in arteries with nonpatent grafts (71, 72, 74), the 
combination of proximal vessel and graft occlusion does cause a net decrease in 
perfusion to some segments after surgery (74). When a graft occludes in the immedi- 
ate postoperative period, proximal-artery occlusion is very common, occurring in 
12 out of 13 cases in one study (74). This combination of obstructed graft and 
proximal-artery occlusion is frequent in early postoperative deaths (68). Grafting 
affects the atherosclerotic process little if at all in the artery distal to the anastomosis 
(70, 73, 74, 76). 

In general, 10% of vein grafts occlude within two weeks of surgery and an 
additional 10-20% occlude between two weeks and one year for a one-year patency 
rate of 75% (range 60-86%) (2, 9, 14, 45, 57, 66, 67, 78, 79). After one year 
occlusion is rare and, when it does occur, can be predicted by severe stenosis at the 
one-year catheterization study (78, 80). Early occlusion is due to thrombosis (68) 
and late occlusion, to intimal fibrosis (68, 81-85). Atherosclerosis in the vein graft 
has been reported, but has not yet been reported to cause obstruction (68, 82, 85). 
The frequency of early occlusion is strongly dependent on the size of the coronary 
artery distal to the obstruction and the amount of myocardium it perfuses (86, 87). 
Graft flow measured at surgery is a predictor of early occlusion, with 40 ml/min 
commonly considered the separation value between adequate and compromised flow 
(79). In one study, all grafts with flows less than 25 ml/min were occluded two weeks 
later, while grafts with flows over 45 ml/min were patent (88). The cause of occlu- 
sion between one month and one year, i.e. the cause of intimal fibrosis, is unknown. 
The occlusion rate of 10-20% seems related little if at all to the factors responsible 
for early occlusion (88). Neither early nor late occlusion appears related to the 
specific coronary artery grafted, or to associated diabetes, hypertension, or occlusion 
in another graft in the same patient (49, 79). The patency of internal mammary- 
coronary artery anastomoses is higher and approaches 97% (17, 18). 


SURVIVAL 


The most important unanswered question regarding coronary-artery surgery is its 
effect on patients’ long-term survival. Except in the case of left main disease, no 
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adequately designed study has yet shown a statistically significant influence of 
surgery on long-term survival. However, inadequately designed studies have sug- 
gested that survival is prolonged after surgery when compared with other studies 
of medically treated patients. Controversy now exists over whether these data are 
adequate to recommend coronary-bypass surgery for the purpose of improving 
survival (89, 90). Because of the importance of this decision, the studies relative to 
surgical versus medical survival are reviewed in Table 3 (2, 9, 45, 91-96). It is readily 
apparent that the least-controlled studies show the most significant improvement. 
It is further apparent that the best-designed studies have the fewest patients, making 
it necessary to have a relatively large difference between surgical and medical 
mortality to be statistically significant. The results of the first five studies along with 
the medical series to which they are usually compared are shown in Table 4 (2, 9, 
45, 91, 92). The mean follow-up was 2 years except at Methodist (Houston), where 
it was 1 year and Stanford, where it was 2.5 years. Operative mortality, which is 
included in the annual mortality, was 3% at Oregon and Cleveland; 7% at St. 
Luke’s (Houston); and 5% at Stanford and Methodist (Houston). In this table and 
all subsequent tables, annual mortality assumes a linear relationship for each year 
and is based on the original cohort. These surgical results are most commonly 
compared to the natural-history data reported by Reeves and associates (97) and the 
Cleveland Clinic (98). These natural-history studies came chiefly from the time 
period before surgery. With the exception of the Cleveland data, the surgical and 
medical ‘groups came from different hospitals and were categorized by different 
observers. In the Cleveland study the groups came from different time periods. For 
comparison, the Cleveland group placed equivalent numbers of patients in the 
surgical and medical groups according to number of diseased vessels. The Oregon 
and Stanford studies subdivided their patients for comparison. Although the St. 
Luke’s and Methodist studies were not well categorized, most patients had multives- 
sel disease. ; 

Table 4 shows an apparent favorable infiuence of surgery-on survival and is the 
basis for most of the statements to this effect. There are several objections to this 
conclusion. The data contained in Reeves’ summary (97) is basically the natural 


Table 3 Reported series of medical vs surgical treatment of coronary artery disease with 
analysis of the design of each series 

















Number of Control Control Surgical 
` surgical (same (same hospital Prospective improvement 

Hospital patients hospital) same time) randomized in survival 
Oregon (9) 532 + 
Stanford (91) 350 + 
St. Luke’s (Houston) (92) 1492 + 
Methodist (Houston) (45) 480 + 
Cleveland (2) 1000 $ + 
Duke (93) 379 + + + 
Long Beach VA (94, 95) 20 + + + 
Houston VA (96) 35 ‘+ + + 
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Table 4 Five surgical series compared with the expected medical mortality analyzed 
with respect to coronary anatomy : 














Annual mortality 
1-vessel 2-vessel 2- & 3-vessel 3-vessel 
Overall disease disease disease disease 
Surgical Series 
Oregon (9) 3 1 3 5 
Stanford (91) 5 2 6 
St. Luke’s Hosp (92) 5 
Methodist 
Houston (45) 8 
Cleveland (2) 5 
Medical Series (97, 98) 2 7 11 





survival of patients with coronary artery disease relative to the number of vessels 
diseased. This subdivision of expected mortality according to number of diseased 
vessels has certainly contributed to the comparability of medical and surgical survi- 
vorship. However, to use these data as the basis for a control group from another 
hospital assumes no variance between observers. The natural history of the medical 
control groups comes from an earlier time period when cineangiographic equipment 
had less resolution than in the later period when the surgical patients were catheter- 
ized, and thus may not be true anatomical comparisons. Also, these studies do not 
evaluate distal-vessel disease, a condition that classifies a patient as a poor surgical 
candidate and that would influence the inclusion of patients with this finding in any 
surgical series. 

Another problem with comparing the uncontrolled data on surgical survival with 
the medical series is that ventricular function was not systematically evaluated. As 
shown in Table 5 (93, 99, 100), ventricular function is probably the single most 
important factor in predicting natural survival. Since poor ventricular function is 
well known to affect operative mortality adversely, this bias was present during the 
selection of candidates for surgery and probably results in some patients with poor 
ventricular function not being included in the surgical series. 

There are three studies comparing surgical to medical mortality that are either 
well-controlled or randomized. These studies are summarized in Table 6 (93-96). 
At Duke the risk factors in a nonrandomized group of medical and surgical patients 
were compared and if unequal, statistically cancelled. As shown in Table 6, there 
was no significant difference in mortality. The statistician for this study estimated 
that if this comparison of mortality rates is valid, it would take approximately 
100,000 patients to show significance. At the Long Beach VA Hospital, 40 patients 
were matched both as to number of diseased vessels and ventricular function, then 
randomly assigned to surgery or medicine. There was no significant difference in 
mortality. In the Houston VA Hospital prospectively randomized study, over half 
of the patients had three-vessel disease. Mean follow-up time was 28 months. 
Surgical mortality was lower, but the difference was insignificant. 
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Table § Surgical mortality related to anatomical coronary disease and ventricular 
function 








Annual mortality (%) 





Ventricular function 





Method of 
Moderately Very determination of 
Hospital _ Normal abnormal abnormal ventricular function 
Duke (93) angio®,A-V, A? 
l1-vessel “2 0 14 
2-vessel 0 9 20 
3-vessel 5 12 20 
Peter Bent Brigham (99) angio® ejection 
l-vessel os 1 19 43 fraction 
3-vessel 10 29 48 
Alabama (100) chest X ray 
1-vessel 0 3 ` 
2-vessel 3 21 
3-vessel 14 24 


aangio = cineangiographic 
DA-Vo, A= arterial-venous oxygen difference 


Several subgroups deserve special attention. Left main coronary disease is more 
lethal than other types of coronary disease. Annual mortality. in-unoperated patients 
is about 20% (26-28, 31, 33, 34, 101). Surgical annual mortality, including initial 
surgical mortality, is about 10% (24-28, 30-34, 101, 102). In the VA Cooperative 
Study (101, 105), patients with left main disease were prospectively randomized and 
followed for a mean of 22 months. Annual surgical mortality was 9% and medical 
mortality was 21%, significantly different. Similar results were found in two con- 
trolled but nonrandomized studies (28, 34). Hence, at least in the first two years after 
diagnosis, surgery increases the chance of survival in left main coronary disease. 

The long-term prognosis of patients operated upon with two- and three-vessel 
disease is not clearly improved over the natural history of similar patients not 


Table 6 Medical and surgical mortality in controlled study groups 

















Number of Annual Mortaliy (%) 
surgical 
Hospital patients Surgical -Medical Significance 
Duke (93) 379 7.5 8.5 NS? 
Long Beach VA (94, 95) 20 7.5 5 NS? 
Houston VA (96) 35 4 6 NS4 





a NS = not statistically significant 
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operated upon. Patients with single-vessel coronary disease have a good long-term 
prognosis, unoperated approaching less than 2% annual mortality. Those with only 
the left anterior descending coronary artery involvement have a slightly worse 
prognosis, 3-4% annual mortality, while those patients with only right coronary or 
circumflex coronary involvement have a better prognosis (97, 103, 104). However, 
since the annual mortality with single-vessel disease is so low, one would not expect 
dramatic improvement in long-term prognosis following surgery. The studies that 
indicate the results of surgery in patients with single-vessel disease are inconclusive 
(2, 105) (Table 7). At this time, uncomplicated single-vessel disease is generally not 
considered an indication for coronary bypass surgery. 

In addition to coronary anatomy and ventricular function, the clinical presenta- 
tion of unstable angina appears to be an important variable in predicting natural 
survival, especially in certain poor-risk groups (40, 75). Since operative mortality 
in this group is essentially the same or only slightly higher than in stable angina 
(35-44), especially after medical stabilization (35, 37-39), and late surgical mortal- 
ity is the same as in stable angina (35, 36, 38-43, 91), it appears that any difference 
in medical and surgical treatment depends chiefly on the medical mortality rate. 
Two randomized studies have reported preliminary data, one showing a surgical 
advantage (40) and one showing no difference (44). The report showing a surgical 
advantage was associated with an inordinately high (35%) medical mortality over 
eight months. 

The question of survival will be further clarified over the next several years as data 
from the VA Cooperative Study and other randomized series are reported. 


RESTING VENTRICULAR FUNCTION 


Considerable controversy exists over whether bypass surgery improves resting ven- 
tricular function. To presume that it does implies that at the time of the relatively 
elective catheterization, ischemia has progressed to the point of inhibiting con- 
tractile function, yet not to the point of causing tissue death, a situation which then 
could be reversed by revascularization. Disagreement over the reversibility of func- 
tion can be partly resolved by clarification of (a) whether ventricular-segment or 
overall function is being analyzed, (6) the conditions of the postoperative study, and 
(c) the patient grouping. 


Table 7 Medical and surgical mortality in patients with left anterior descending coro- 
nary artery disease 

















Number of Annual Mortality (%) 
surgical 
Study patients Surgery Control Control group 
Cleveland (2) Unreported 0 4 same hospital, 
earlier time period 
Alabama (105) 29 3 0 same hospital, 


same time period 
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Approximately 50% of patients studied for angina have measurable ventricular 
dysfunction. Of the preoperatively dyskinetic segments, about 20% will improve 
their contraction postoperatively (67, 73, 106, 107), although one group reports a 
much higher rate of improvement (108, 109). Conversely, segment function deterio- 
rates at rates ranging from 15 to 40% (67, 73, 106). Improvement usually occurs 
before two weeks after surgery and remains at one year, while deterioration occurs 
both early and late, generally paralleling the time of graft occlusion (106). Factors 
bearing on segment improvement or deterioration appear to be acuteness of preoper- 
ative ischemia, preoperative and perioperative infarction, graft patency, and severity 
of preoperative hypokinesis (67, 73, 101, 108-112). Overall ventricular function as 
studied by the ejection fraction is not consistently changed at 1 year (67, 106, 111, 
113-116). The ejection fraction usually does not change even in patients where 
segment function changes, apparently because of compensation by nonischemic 
portions of the ventricle (106, 111, 117). Increases in the ejection fraction at two 
weeks after surgery have been reported (108, 109, 112), but the implication that 
ventricular function is improved has been criticized on the basis of evidence of a high 
degree of stress and consequent adrenergic stimulation at the time of study (117, 
118). 

In an attempt to better predict which ventricular segments will improve after 
surgery, the segmental response of the ventriculogram has been studied after epi- 
nephrine (119), nitroglycerin (120, 121), and premature ventricular contractions 
(122-124). Improvement after these interventions correlates well with improvement 
after surgery (121, 123, 124). 

In summary, surgery causes both improvement and deterioration of segment 
function and does not consistently affect overall resting ventricular function. 


Symptomatic Improvement 


The most striking beneficial effect of coronary bypass surgery is improvement of 
angina. When patients interpret their own change in symptoms, improvement in 
angina is found in about 85% (range:69-100%) and complete relief in about 70% 
(range:50-100%) (3, 13-15, 23, 45, 52, 59, 107, 113, 114, 125). This is considerably 
better than the relief rate of about 25% reported in medically treated patients in the 
few controlled studies (93, 94, 96). Deterioration in symptoms between the first and 
second year averages 20% (range:15-40%) of initially improved patients (3, 96, 91). 
The improvement rates for unstable angina (35-42, 91, 126) and left main disease 
(28, 30-32), are the same as for stable angina. Failure to improve is associated with 
poor left ventricular function (127, 128) and graft occlusion (66, 125, 129, 130), 
although a considerable number of patients with occluded grafts have shown im- 
provement (131, 132). This remarkable symptomatic improvement has also oc- 
curred with previous less physiologic procedures to revascularize the heart (133, 
134), requiring more objective evaluation of this reported improvement. 

About 60% (range:50-84%) of patients are able to perform a significantly greater 
workload with exercise testing (93, 95, 105, 113, 114, 128) after surgery and about 
30% are able to perform a normal workload (128). Likewise, after surgery, 70% 
reach a higher heart rate before symptoms develop with atrial pacing (96). This rate 
of improvement is less striking when compared to medical control groups. In one 
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study of 20 surgical patients randomly matched with 20 medical patients, the 
number of surgically improved patients was initially significantly higher than the 
medical group, but by 2 years the 76% surgical improvement rate was not statisti- 
cally different from the 50% medical improvement rate (94, 95). In a nonrando- 
mized study of isolated left anterior descending disease, exercise-test improvement 
was documented in 10 out of 15 (67%) surgical patients and 7 out of 14 (50%) 
medical patients (105). In a prospective randomized study of 20 surgical and 21 
medical patients, atrial pacing at one year following surgery showed an improve- 
ment in 70% of surgical patients and 48% of medical patients, a statistically 
insignificant difference (96). 

As a group, patients can perform about 40% (range:16-89%) more work after 
surgery (96, 105, 128, 129, 131, 135), and sustain a 25% (range:5~-53%) higher heart 
rate or heart rate-blood pressure product (105, 124, 125, 128, 129, 131, 132, 135, 
136). In a prospectively randomized study, work capacity increased 89% in the 
surgical patients and 42% in the medical patients, a significant difference (136). 
Objective improvement in exercise capacity correlates with (a) graft patency (128, 
129, 131, 136), (b) good preoperative ventricular function (138), and (c) severity 
of preoperative impairment (128). This last factor is probably self-evident, but bears 
reemphasis. Patients with angina occurring at low exercise levels improve the most 
after surgery, while patients with high-exercise threshold angina preoperatively 
improve very little. 

In many cases, surgery, as expected, increases the coronary blood supply, thereby 
increasing the patient’s work capacity. However, in certain instances there is a 
discrepancy between the expected and observed results. In some patients, there is 
inadequate revascularization yet improvement. in maximum workload and symp- 
toms. One mechanism frequently postulated is that angina is due to a small ischemic 
segment which then infarcted at surgery. Another interesting observation is that 
45% of pain-free patients retain an exercise ECG indicative of ischemia (37, 113, 
114, 125), suggesting a disruption of the mechanism where ischemia is interpreted 
as pain, thereby allowing the patient to exercise past the point of ischemia. 

The converse also occurs, where revascularization appears to be adequate, but 
there is an inappropriate lack of improvement in exercise capacity. In one study, 
(135), this was shown to be due to a decrease in stroke volume, a change that may 
be a detrimental effect of surgery, but also is found in deconditioned persons 
(137). 

The most apparent discrepancy in surgical results is the number of patients who 
report symptomatic improvement, but who show no objective improvement. Several 
factors account for this improvement in symptoms, including a placebo effect and 
a less vigorous postoperative life-style. A very important factor is the change in 
limiting symptom from angina preoperatively (in 65-90% of patients) to fatigue or 
dyspnea postoperatively (in 80%) (105, 113, 114, 128, 129). Fatigue or dyspnea is 
a more familiar and desirable limiting symptom to most patients and therefore gives 
them a sense of improvement even when exercise capacity does not improve. The 
change in symptoms to fatigue and dyspnea suggests that the limitation to exercise 
postoperatively is ventricular function and not active ischemia (angina). 
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UNSTABLE ANGINA 


Although the mechanism of unstable angina is not entirely clear, recent evidence 
suggests that patients with unstable angina develop pain in response to a rise in the 
heart rate-blood pressure product similar to patients with stable angina, only these 
rises are spontaneous and of lesser magnitude (138, 139). Propranolol, which lowers 
the heart rate and blood pressure, is initally used, resulting in disappearance of pain 
(39). The anatomy (39, 140), operative mortality, and late results of surgery are 
similar to those found in stable angina; therefore, these patients are medically 
stabilized and are then generally managed as patients with stable angina. If pain 
continues despite medical therapy, the patients are then catheterized and considered 
for bypass surgery. 


VARIANT ANGINA PECTORIS 


Prinzmetal originally defined variant angina pectoris as a syndrome associated with 
high proximal obstructions in a single coronary artery, often associated with spasm, 
with a clinical presentation of angina at rest, nocturnal angina and angina usually 
not associated with exercise, exertion, or excitment, as occurs in classical angina 
pectoris (141). Subsequent studies have revealed a less clearly defined group of 
patients with a variety of coronary artery anatomy, ranging from spasm in normal 
arteries to severe triple-vessel disease (142-148). 

Enthusiasm for surgical revascularization has been strong because of the amena- 
bility of isolated proximal lesion in many of the patients to bypass graft surgery, 
especially following the previously reported grave prognosis associated with variant 
angina pectoris (146). 

Several reports of excellent results of surgical and medical treatment have now 
been published. However, the management of any given patient must be individual- 
ized according to the patient’s anatomic disease. Patients with predominant coro- 
nary spasm should be managed with drug therapy, while patients with major 
obstructive lesions should be managed surgically, especially if they do not respond 
to short-term medical therapy (142, 146-151). 


ARRHYTHMIAS 


Ventricular tachycardia is an arrhythmia that often has an ischemic origin and 
results in 40-70% mortality when it is recurrent (152-154). The ventricular tachy- 
cardia may be refractory to medical therapy. Several reports of successful suppres- 
sion of ventricular tachycardia with coronary bypass surgery have appeared 
(155-157). However, more extensive experiences with larger numbers of patients 
with medically refractory ventricular tachycardia due to coronary artery disease has 
lead to some skepticism as to the usefulness of surgery. Since the arrhythmia in 
several reported patients has not responded to coronary bypass surgery, this suggests 
that the operative procedure is indicated after all medical therapy, including pace- 
maker suppression, has been exhausted. 
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SUMMARY OF SURGICAL THERAPY OF CORONARY 
ARTERY DISEASE 


Patients with single-vessel disease, with normal or mildly abnormal ventricular 
function (EF >40%), have a good prognosis both for natural survival and long- 
range symptomatic improvement; therefore medical therapy is strongly recom- 
mended. Surgery is considered only if symptoms persist after aggressive medical 
therapy. It is possible that single-vessel left anterior descending disease is a special 
variant of this group, and surgery may, with further reports, show an increased 
survival. However, no adequately designed study has yet suggested this, and it is 
currently our opinion that patients with single-vessel disease do not have an im- 
proved survival following surgery. It is not clear whether surgery improves survival 
in patients with multivessel disease and normal or mildly abnormal ventricular 
function (EF >40%). Consequently, cardiologists are divided as to whether to 
advise surgery in these patients solely for survival. Currently, it is our opinion that 
these patients should have surgery only for improvement of symptoms after failure 
of medical therapy. In left main coronary disease the evidence favoring improved 
survival after surgery has convinced most cardiologists, including ourselves, to 
recommend surgery. Patients with poor ventricular function (EF <30%) secondary 
to coronary artery disease often have congestive heart failure and not angina as their 
chief symptom. Surgery is usually not advisable for these patients, because of the 
increased operative mortality and lack of improvement in ventricular function. 
Patients with poor ventricular function with angina are not usually significantly 
improved by surgery. In patients with moderately abnormal ventricular function 
(EF=30-40%), relief of angina is frequently obtained, but with some added surgical 
risk. We recommend surgery in these patients after aggressive medical therapy has 
failed. Patients with unstable angina are initially medically stabilized, after which 
they are generally managed as stable angina. Patients with persistence of pain at rest 
in spite of vigorous medical therapy are usually managed by early catheterization 
and surgery. 
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Since the original descriptions of cold-reactive antibodies at the turn of the century, 
this group of antibodies and the diseases associated with their appearance have 
become the focus of a great deal of interest (1-5). Early investigators recognized that 
a group of these patients had paroxysmal hemoglobinuria on exposure to cold, and 
a subgroup of patients with a cold-reacting, hemolytic antibody (Donath-Land- 
_ Steiner) was identified (6). In many of these patients the disease was associated with 
long-standing syphilitic infection. More recent investigations have centered on cold 
agglutinins, cold-reactive antierythrocyte antibodies present in several clinical set- 
tings, which are directed at defined groups of erythrocyte antigens and which 
usually are weakly lytic in vivo (1-5, 7). These antibodies are usually found in pa- 
tients with cold-agglutinin disease or may occur transiently following a number of 
acute infectious illnesses, the classic example being Mycoplasma pneumonia (8, 9). 

Two main areas of recent investigation have been particularly fruitful. The first 
of these concerns the immunochemical characterization of the reaction; that is, the 
chemical definition of the erythrocyte antigens involved, the chemical definition of 
the antibodies, and studies to determine why this antigen-antibody complex aggluti- 
nates at temperatures below 37°C. The second group of studies has examined the 
pathophysiologic basis of cold-agglutinin disease and the events that occur on the 
erythrocyte surface following its interaction with cold agglutinin, leading to its 
destruction. The latter area of investigation has been of particular concern to this 
laboratory, and we focus on this problem in this review. We conclude by summariz- 
ing the limited information available on the etiology of the cold agglutinins in this 
interesting and perplexing group of diseases. 

Cold agglutinins are defined as antibodies capable.of agglutinating erythrocytes 
at temperatures below 37°C. Unlike most agglutinating antibodies, cold agglutinins 
require this lowered temperature to manifest their effects; they do not agglutinate 
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cells at 37°C, and in fact dissociate from their site of binding as the temperature of 
the reaction mixture is raised to 37°C (1-5, 10-12). Very low titers of cold aggluti- 
nins are found in many normal individuals. Elevated levels are usually identified in 
two general clinical settings (1, 3). Most commonly, they appear transiently follow- 
ing infectious illnesses—often Mycoplasma pneumonia (8, 9). Only rarely is their 
appearance in this setting associated with clinical hemolysis. Less frequently, cold 
agglutinins occur as monoclonal antibodies, often in the absence of identifiable 
underlying disease (1-7). Cold-agglutinin disease is often associated with mild 
hemolytic anemia, and it is occasionally punctuated by severe hemolytic crises, 
usually following ambient exposure to cold (1, 3). This disease tends to occur in the 
elderly, with a peak incidence reported at ages 50-60 years (3). Although these two 
general clinical settings in which cold agglutinins are found have certain features 
in common, the most complete studies have usually examined the antibodies found 
in the long-standing cold-agglutinin disease. 

The majority of patients with this syndrome have in their circulation an IgM 
antibody with specificity for the Ii group of erythrocyte antigens. There has been 
a great deal of recent work concerned with the characterization of these antigens. 
Biochemically, this group of cell-membrane antigens appears to be related to the 
precursors of the ABO-Lewis blood group of glycoproteins (4, 5, 7). As originally 
defined, the specificity of IgM cold agglutinin was toward the I antigen, an antigen 
present on the erythrocytes of more than 95% of adults, but functionally present in 
smaller quantities on erythrocyte membranes of newborns. Thus the antibody 
present in most of these patients would agglutinate the erythrocytes of most adults 
at temperatures below 37°C, but would not agglutinate cord-blood erythrocytes. 
This contrasts with the antibodies present in many patients following infectious 
illnesses, which react with an antigen, termed i, that is present on cord-blood 
erythrocytes. This antigen (i) is also present on the erythrocytes of adults, although 
the effective antigenic density is lower than that found on the erythrocytes of 
newborns (13). 

Cold agglutinins found in cold-agglutinin disease have many of the characteristics 
of a myeloma protein (14). They have highly restricted heterogeneity, and the 
protein in an individual patient may appear to have a single electrophoretic mobility 
and a single amino-acid sequence (4, 5, 7). Under normal circumstances, antibodies 
found after antigenic challenge are quite heterogeneous, with a wide range of electro- 
phoretic mobilities and amino-acid sequences. In keeping with the restricted 
heterogeneity of cold agglutinins is the fact that the vast majority have only one of 
the two light-chain types found in normal antibodies. Most cold agglutinins have 
kappa light-chain specificity only. However, a comparison of the cold agglutinin 
found in the serum of one individual to that found in another reveals considerable 
differences. They may have different electrophoretic mobility and chemical struc- 
ture. There may be a considerable difference in the temperature range over which 
they show maximal erythrocyte binding, i.e. they are said to differ in thermal 
amplitude. This is clinically important. Antibodies with high thermal amplitude, 
that is, antibodies that react with the erythrocyte membrane at temperatures nearer 
physiologic are more likely to cause clinical iliness than those antibodies that only 
interact with erythrocytes at very low temperatures (1, 11). Different cold aggluti- 
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nins may show differences in affinity for their antigen and differences in the efficiency 
with which they mediate some of the biological effects of antibody, for example, 
complement activation. The antigenic specificity of the various antibodies has also 
been shown to differ widely. One way of looking at the antigenic specificity of these 
antibodies is that they may all recognize some aspect of the highly complex I 
antigen, but all recognize different parts of the same antigenic structure (15). Recent 
work has divided the anti-I antibodies into six groupings that reflect these different 
specificities on the basis of inhibition of precipitation with purified blood-group 
substances (16). It is of interest that these antibodies appear to interact with partially 
purified I antigens extracted from erythrocyte surfaces equally well at 37°C and 0°C 
(17). The current feeling is that there is no major change in the structure of the 
antibody or the antibody-combining site at lowered temperatures, but that the 
reason that cold agglutinins function only, or with greater efficiency, in the cold is 
related to alterations in the structure or availability of the glycosidic moiety in the 
erythrocyte membrane at lowered temperatures. Thus, both primary antibody 
effects such as binding to antigen and secondary effects such as complement fixation 
occur with cold agglutinins at 37°C when the I antigen is extracted from the 
erythrocyte membrane. 

Some years ago it was shown that rabbits could be immunized to cold agglutinins, 
and the resulting antisera absorbed with various non-cold agglutinin IgM proteins 
in order to make antibody specific for the immunizing cold agglutinin (18). Such 
rabbit antibody was shown to have specificity for antigens in the variable region of 
the cold-agglutinin IgM molecule. Since the rabbit antibody reacted preferentially 
with the immunizing antigen and not with other non—cold-agglutinin IgM proteins, 
it was said to display idiotypic specificity. Usually such idiotypic antibodies, with 
specificity for the variable region of myeloma proteins, show very little cross- 
reactivity with other myeloma proteins; however, such idiotypic antibodies were 
shown to demonstrate cross-reactivity between several cold agglutinins (18). Re- 
cently, this work has been broadened and extensive idiotypic cross-reactivity has 
been demonstrated among many cold agglutinins (19). One interpretation of these 
findings is that there is considerable similarity in the chemical structure of the 
variable region of anti-I cold agglutinin from different individuals. Thus, there may 
be considerable homology in the binding sites of the cold-agglutinin antibodies made 
by different individuals with cold-agglutinin disease. 

Although this brief review has focused on anti-I IgM antibodies directed to 
erythrocyte antigens, a number of other species of antibody with cold agglutinin 
specificity have been described. Not all cold agglutinins are directed at the Ii group 
of antigens (5). Another series of antigens on the erythrocyte surface, the Pr group 
of antigens, has been identified (20). These antigens are termed Pr because unlike 
the I antigens, which resist destruction by proteases such as papain and ficin, the 
Pr group of antigens are protease-sensitive. These antigens are also thought to be 
glycosidic residues on the erythrocyte surface. They are present on both cord and 
adult red cells. Antibodies with specificity for this antigen are commonly found after 
infectious diseases, particularly infectious mononucleosis, and these antibodies oc- 
cur fairly frequently in the IgA group as well as IgM. IgG antibodies of this class 
have been identified as well. It is also of interest that a number of these antigens, 
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particularly those of the Ii series, are present not only on erythrocytes, but also on 
B- and T-lymphocytes, granulocytes, and cells of the macrophage series (21, 22). 
Thus, defects in the function of cells other than those in the erythrocyte series might 
be expected to be present in this disease and are worthy of investigation. 

Considerable progress has also been made in elucidating the pathophysiology of 
erythrocyte destruction in cold-agglutinin disease. It has long been known that 
erythrocytes from patients with cold-agglutinin disease are Coombs-positive and 
contain membrane-bound complement components on their surfaces (10). It has 
also been shown that if these Coombs-positive erythrocytes are taken from the 
patient, radiolabeled, and reinfused into the erythrocyte donor, they have a more 
prolonged survival in the donor than do normal erythrocytes (23, 24). Moreover, 
this same phenomenon can be duplicated in vitro (25). Coombs-positive ery- 
throcytes from patients with cold-agglutinin disease are less susceptible to in vitro 
hemolysis mediated by cold agglutinin and complement than are normal ery- 
throcytes. The protection from complement-mediated lysis can be correlated with 
the membrane deposition of complement proteins. Recent studies have shed consid- 
erable light on these phenomena. It has been shown in animal models and in man 
that cold agglutinins mediate their effects via complement activation (26, 27). In 
vitro data have demonstrated that these antibodies, like other IgM antibodies stud- 
ied, mediate complement activation efficiently. One molecule of cold agglutinin, 
bound to the erythrocyte surface, fixes one molecule of the first component of 
complement, C1 (28). Activation of complement by the cold-agglutinin red-cell 
complex proceeds in two stages. At the lower temperature, the cold agglutinin binds 
to the erythrocyte surfaces and binds (or “‘fixes”) the first component of the serum 
complement system, C1 (30). At intermediate temperatures, C4 can bind to the 
erythrocyte membrane. When the temperature returns to 37° (in the body when the 
erythrocyte returns from acral areas, such as the fingers, toes, or tip of the nose, to 
the core circulation), the other components in the complement sequence interact 
with the erythrocyte membrane. Depending upon the number of cold-agglutinin 
molecules that coat the cells, the antigenic specificity of the cold agglutinin, and the 
conditions of exposure to complement, sufficient complement may be activated to 
lead to intravascular hemolysis (31). Intravascular hemolysis, however, does not 
usually occur. More often, insufficient complement is activated on the erythrocyte 
membrane to lyse the cell, although enough complement is bound to produce cell 
sequestration by the RES. Recent evidence indicates that IgM antibodies mediate 
their effect via complement activation and, more particularly, via membrane attach- 
ment of the opsonic complement fragment, which at present is thought to be C3b 
(26, 32). If sufficient C3b is bound to the erythrocyte surface, the cell is rapidly 
cleared as it traverses the sinusoids of the liver (23, 27, 33, 34). The liver is rather 
efficient at removing these cells, and only a small percentage survive to be removed 
by the spleen (32). 

Earlier workers believed that complement deposition at the erythrocyte surface 
led to major membrane damage. It was believed that the cells were cleared from the 
circulation by the liver because this organ was the major site of clearance of 
markedly damaged cells (33, 35). This concept does not adequately explain the 
experimental observations. 
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The mechanism of clearance in fact appears to be binding of the complement- 
coated erythrocytes to the hepatic fixed macrophages, the Kupffer cells, by attach- 
ment to specific macrophage C3b receptors (26, 29, 32). Thus the erythrocytes with 
membrane-bound C3b are rapidly removed within minutes of the time that they are 
introduced into the circulation. These complement-coated erythrocytes, which ad- 
here to the Kupffer cell surface, undergo one of two fates (29, 32). Some of the cells 
are phagocytosed. The binding of C3b to the Kupffer cell receptor is, however, an 
inefficient stimulus for phagocytosis (36). A clearly oversimplified but conceptually 
helpful framework is available for examining this reaction. There exists in serum a 
protein (the C3 inactivator) capable of cleaving erythrocyte-bound C3b into two 
fragments (37). A larger fragment, termed C3c, is released from the erythrocyte and 
a small fragment, C3d, remains adherent to the erythrocyte membrane. It has been 
shown that the C3 inactivator causes the release from macrophage C3b receptors 
of erythrocytes with membrane-bound C3d. Thus, in the presence of the C3 inactiva- 
tor, some of the erythrocytes are released from Kupffer-cell trapping and return to 
the circulation. It has been demonstrated that such cells with membrane-bound C3d 
undergo near-normal survival (29). The presence of membrane-bound C3d explains 
the above-noted resistance of Coombs-positive erythrocytes from patients with 
cold-agglutinin syndrome to further lysis by cold agglutinin and complement. Cold- 
agglutinin antibody attaches to the red cell and activates C3. C3b binds to all of the 
local sites chemically suitable for C3b binding. These sites continue to be occupied 
by the cleavage fragment C3d after action of the C3b inactivator. The membrane 
sites suitable for further C3b binding are therefore occupied, and the erythrocyte 
is protected from the further lytic action of cold agglutinin. It is of interest that 
complement is activated and C3b binds to sites that are quite close to those of initial 
cold-agglutinin attachment. Although these local sites can be blocked with C3d, 
other sites are available on the erythrocyte surface that can interact with C3b. Thus 
these erythrocytes, with cold agglutinin—-associated C3b sites blocked, can interact 
with anti-A IgM isoagglutinin; under these circumstances C3b binding now pro- 
ceeds normally (25, 27). The fact that the site for binding to macrophage receptors 
on cold agglutinin-sensitized erythrocytes is transient and can be destroyed proba- 
bly helps to explain the rather mild nature of the cold-agglutinin syndrome. If these 
patients can stay out of a cold environment, they usually do very well and do not 
require therapy. This is fortunate, since the drugs usually found effective in the 
treatment of autoimmune hemolytic anemia (corticosteroids and cytotoxic agents) 
are often generally ineffective in the treatment of cold-agglutinin syndrome (1, 3). 
Another recent observation in animal models may be important in understanding 
the pathophysiologic basis of this interesting syndrome. Although C3b is usually a 
poor stimulus for ingestion of C3b-coated erythrocytes bound to the C3b receptor 
on the macrophage surface, the situation is altered if the macrophage becomes 
activated. Thus an activated macrophage can bind and ingest a C3b-coated RBC 
(38, 39). This may help to explain the frequently noted exacerbations of this syn- 
drome seen in these patients at the time of an intercurrent infection that can result 
in macrophage activation. In this setting, erythrocytes that might normally have 
been released from the macrophage surface, and contributed to the circulating RBC 
pool, are instead ingested and destroyed. 
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Finally, some mention should be made of current thoughts on the etiology of the 
cold-agglutinin syndrome. It has been well demonstrated that Ii antigens are present 
on cell surfaces throughout adult life (40). Theories that hypothesize the sudden 
availability as an immunogen of sequestered antigens are therefore unlikely. The 
most reasonable current hypothesis for the presence of cold agglutinins following 
infectious illness is that microorganisms have cross-reactive antigens that stimulate 
an immune response (41). It has been suggested that some strains of mice, which 
do not have Ii antigen as part of their makeup, synthesize anti-I following myco- 
plasma infection (42). If this observation is correct, there must be Ii-like material 
in the mycoplasma organism. A variation of this theory is that the microorganism, 
or a product of the microorganism, binds to a cell membrane and alters the mem- 
brane surface to make the I antigen a good immunogen. Such theories remain 
speculative; however, they may help to explain cold-agglutinin disease mediated by 
antibody of restricted heterogeneity. It has been well demonstrated in animal models 
that certain microorganisms may induce the synthesis of antibodies with greatly 
restricted heterogeneity, especially in a host with the proper genetic background (43). 
Studies have suggested that the anti-i antibodies formed after infectious disease have 
somewhat restricted heterogeneity (44). It may be that in the elderly host, such 
antibodies with highly restricted heterogeneity are first formed following an infec- 
tion, and become dominant and form the background for the development of long- 
standing cold-agglutinin disease. 
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INTRODUCTION 


The term idiopathic thrombocytopenic purpura (ITP), as used in this review, is 
applied only to a disorder seen mostly in older children, adolescents, and adults. It 
has no known relationship to any underlying disease or any inciting factor. Once 
it develops, if untreated, it is chronic, recurrent or relapsing, and usually life-long 
in duration.(even though most such patients, when first seen, give histories of acute 
disease, short in duration, reflecting alarm at the appearance of abnormal bleeding). 

It is to be distinguished from so-called ITP of young children, a syndrome that 
usually follows viral infections or immunizations of. many kinds and, while acute, 
is generally self-limited, with spontaneous recovery. 

It is also to be distinguished from other thrombocytopenias that may mimic it, 
such as certain drug-induced thrombocytopenias, thrombocytopenia in collagen- 
vascular diseases, in lymphoreticular disorders, and: in other malignancies. 

ITP is one of the best-defined diseases of autoimmunity. Circulating autoantibo- 
dies to platelets were first demonstrated, both in vivo and in vitro, in 1951 (1, 2). 
They cause prompt destruction of transfused platelets (3, 4); are globulins (1, 4) of 
the IgG class (5); react with platelets, rendering them susceptible to destruction in 
the reticuloendothelial system, (especially the spleen); and can traverse the placenta, 
causing neonatal thrombocytopenia (6). 

The antibody in ITP is seemingly directed against a platelet-specific antigen, since 
there is seldom concomitant autoimmune hemolytic anemia or neutropenia. When 
an associated hemolytic anemia occurs (7) (Evans’ syndrome) (2), it probably re- 
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flects the presence of two antibodies, one platelet-specific and one red cell-specific, 
inasmuch as such patients often have alternating periods of hemolytic anemia 
without thrombocytopenia, or thrombocytopenia without hemolytic anemia. 

A few patients with so-called ITP (less than 5%) have a syndrome that in all other 
respects resembles autoimmune ITP (6), except that their platelet survival times are 
normal (6, 8), and women with this syndrome give birth to normal infants (6). This 
variant requires reclassification; it is presumed that it reflects a lack of megakaryo- 
cyte maturation and not an autoimmune destruction of platelets. 


TREATMENT 


The attainment of a platelet count of 30,000/mm: is usually sufficient to prohibit 
serious bleeding in ITP, and, of 50,000/mm:}, is sufficient to assure safety. The 
normal platelet level, by direct counting methods, ranges between 150,000 and 
350,000/mm?. 

Treatment of ITP consists of general and more specific measures. The latter 
include splenectomy, administration of glucocorticoids, and use of other agents that 
handicap macrophage function and act as immunosuppresants. 


General Measures 


Irrespective of the cause of thrombocytopenia, bleeding at any platelet level will be 
enhanced by trauma, fever, infection, increase in metabolic rate from any cause, 
azotemia, or the administration of agents that decrease platelet production or handi- 
cap platelet function. Also, because of an increase in intravascular pressure, bleeding 
tends to be more prominent in the more dependent portions of the body. 

Accordingly, avoidance of trauma is important; fever should be treated with 
antipyretics such as acetaminophen; infections should be treated where possible. 
Azotemia should be corrected if possible. Causes for increase in metabolism should 
be rectified. The head should be kept elevated at times of most alarming bleeding. 
Alcohol ingestion in excess should be avoided, since it decreases platelet production 
(9) and viability. Most important, drugs that handicap platelet function should be 
avoided (10). The most notable of these is aspirin. 

Although their beneficial effect on capillary fragility has been questioned (11), it 
is generally agreed that glucocorticoids do improve capillary fragility in all throm- 
bocytopenic states irrespective of the cause of the thrombocytopenia (12). An aver- 
age dosage in thrombocytopenic adults of 15 mg of prednisone daily is usually 
sufficient to bring about improvement in bleeding tendency, independent of its effect 
on platelet counts. 


Citation of the extensive literature on the pathologic physiology of ITP and on the tech- 
niques and problems of platelet serology in ITP is beyond the scope of this review on treatment. 
Many additional contributions have been made, most notably by J. Dausset, P. A. Miescher, 
M. Stefanini, W. Dameshek, F. H. Gardner, N. R. Shulman, R. H. Aster, M. Baldini, S. 
Karpatkin, L. A. Harker, R. I. Handin, R. Dixon, and their colleagues.) 
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Specific Measures 


Theoretically, since ITP is a disorder of autoimmunity, the use of immunosuppres- 
sants would seem most logical. However, because of their side effects in a disease 
which, once established, usually requires lifelong treatment, immunosuppressants 
(including glucocorticoids) have their greatest value in patients who have failed to 
respond to splenectomy. 


SPLENECTOMY Splenectomy was first used for the treatment of ITP in 1916, 
following the suggestion of Kaznelson that the spleen acts as a filter to remove 
platelets from the circulation (13). Interpreted in the light of present understanding, 
it appears that platelets are “sensitized” by a circulating platelet-specific IgG, mak- 
ing them susceptible to removal by the reticuloendothelial macrophages of the 
spleen. During surgery, lessening of bleeding is commonly observed the moment the 
splenic pedicle is ligated (12); following splenectomy, an increase in platelets is 
generally noted within a few hours, although it may be delayed for days or occasion- 
ally for four to five weeks. The usual promptness of remissions is such that decrease 
in antibody production cannot be a factor, although the spleen may additionally 
produce some of the autoantibody (14). However, if the platelet is severely affected 
by the antibody, its destruction takes place even in the absence of a spleen (1, 4) 
(e.g. in the liver) (15-17). It has been proposed that selective splenic sequestration 
of labeled platelets may be used as a means of selection of candidates for splenec- 
tomy (18, 19). This claim is not warranted (20, 21). 

The overall permanent remission rate from splenectomy in ITP (as defined in this 
review) is in the range of 70-80% (22-30), and the platelet count six weeks after 
surgery is a good indicator of its future behavior; later relapse is rare (30). Certain 
criteria are useful in predicting responsiveness. The probability of a favorable effect 
is greater in patients with (a) less severe disease (4, 15, 31); (b) prior response to 
glucocorticoids (26, 28, 32); (c) age under 45 years (26); and (d) non-autoimmune 
forms of ITP (4, 6, 26, 33) (not accepted by all investigators). 

The risks from splenectomy are small; in our own and other series, the mortality 
from surgery has been less than 1% (22-30), even though remission is not always 
accomplished. Accordingly, splenectomy affords a prompt and lasting clinical cure 
in most patients with ITP, with acceptable low risk to them. Because of its generally 
prompt effect, splenectomy is required as an emergency measure in patients with 
alarming (e.g. intracranial) bleeding. 

Preparation with platelet transfusions is unnecessary and undesirable, considering 
the risks of hepatitis and the lack of effectiveness of platelet transfusions in nearly 
all patients with ITP (3, 4, 8, 34). 

The presence of one or more accessory spleens was formerly considered to be a 
reasonably common cause for relapse after splenectomy (35, 36). However, this is 
very rare (37, 38). Patients dying later whose thrombocytopenia has not recurred 
have been found to have accessory spleens, and patients who have relapsed very 
rarely have accessory spleens (21). Indeed; exploratory laparotomy, with unsuccess- 
ful search for an accessory spleen, has been observed to be followed by a remission 
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(21). There are techniques with radionucleides that make the search for an accessory 
spleen feasible (38, 39). Much simpler is an examination of the peripheral blood 
smear for Howell-Jolly bodies and Heniz bodies, both of which are regularly present 
in subjects who have been totally splenectomized. Again, it is very rare that an 
accessory spleen is responsible for continued or recurrent thrombocytopenia. 


GLUCOCORTICOIDS Glucocorticoids were first demonstrated to have effective- 
ness in the treatment of ITP in 1950 (12). ACTH and cortisone were then used. It 
was observed that a decrease in severity of purpura could commonly be achieved 
within one or two days, with an improvement in platelet count often within a week. 
Complete remissions (i.e. with normalization of platelet counts) are distinctly less 
common (15-60%) than those achieved with splenectomy, require several days or 
weeks to be attained, and relapses almost invariably occur on discontinuance of 
therapy (23-26). 

The initial beneficial effects of glucocorticoids on platelet levels probably repre- 
sent handicaps imposed upon reticuloendothelial macrophages (15), although with 
more protracted therapy a decrease in autoantibody synthesis also occurs (4, 40). 
At times, patients who had been refractory to glucocorticoid therapy prior to 
splenectomy and who failed also to respond to splenectomy may respond to steroids 
postoperatively (24). 

When a patient with ITP is initially seen, glucocorticoids are generally used 
except in instances of critical bleeding (when splenectomy is indicated, as noted 
above). By use of glucocorticoids, the physician is given more time to determine 
more precisely the nature of the thrombocytopenia; also, though only in an occa- 
sional case, a complete remission will be obtained, which persists after the steroids 
are discontinued. Data cited in the literature (23-25, 28, 29) imply higher rates 
(14-38%) of sustained remission following discontinuance of steroids; however, 
these include observations on young children and adults whose thrombocytopenia 
is secondary to viral or other agents and is self-limited. 

Also, steroids are indicated in patients in whom splenectomy is contraindicated. 

For initial therapy in patients who have clinical bleeding, doses of prednisone (or 
its equivalent) of 1-112 mg/kg per day are used. Therapy should be continued at 
this level for two to three weeks. If the platelet count then does not exceed a level 
of 50,000 per cubic millimeter, splenectomy should be performed. If greater im- 
provement takes place, the dosage of glucocorticoids should be decreased to a level 
that can be maintained safely, [e.g. 0.25 mg/kg per day]. If relapse occurs, splenec- 
tomy should be performed. If remission is sustained, the dosage may be adjusted 
to a 0.25.mg/kg on alternate days or every third day. 

As noted, glucocorticoid therapy is generally not satisfactory for long-range 
management, and therefore its use is regarded now as adjunctive in most patients. 

It should also be noted that glucocorticoid therapy may actually perpetuate 
thrombocytopenia in some patients (41), and remission will take place only with a 
decrease in dosage or discontinuance of the steroid. However, such an event is very 
rare, and when the choice between increased or decreased dosages of steroids is to 
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be made in the presence of serious bleeding manifestations, an increase to 300 or 
more milligrams of prednisone or its equivalent per day for one week should be tried 
first. 

Moderate to large doses of androgens may induce remissions and enhance gluco- 
corticoid responsiveness (42). 


IMMUNOSUPPRESSANTS Since 1960 (43), a variety of nonsteroidal immunosup- 
pressant agents have been used in the treatment of ITP refractory to splenectomy 
and glucocorticoids. In general, these agents handicap multiple aspects of the im- 
mune response, including macrophage function. With the exception of the vinca 
alkaloids, they require prolonged periods of treatment before an effect is usually seen 
(periods on the order of six weeks to three months). The most frequently employed 
are azathioprine, cyclophosphamide, and the vinca alkaloids. 

Azathioprine (44-47) is used in dosages of 1.2-2.4 mg/per kg (50-250 mg per 
day), and a minimum of 3 months, and up to 26 months of therapy is required be- 
fore the platelet count is stabilized. Glucocorticoids are used concomitantly. The 
side effects are leukopenia, alopecia, ulcerations of the mucous membranes, and 
diarrhea. . 

Cyclophosphamide is used in dosages of 50-200 mg/day (47-49) or intermittently 
(300-600 mg per square meter intravenously or by mouth) over a 4-hr period every 
2-3 weeks) (50). Improvement in the platelet count may be evident in 2—4 weeks, 
with the maximum elevation in 4—6 weeks (47), but longer periods of treatment are 
usually needed. Side effects are severe leukopenia, alopecia, and hemorrhagic cysti- 
tis. [Although it has been advocated as an initial measure and an alternative to 
splenectomy (49), even in young children this approach is not recommended.] The 
overall response rate to azathioprine and/or cyclophosphamide in splenectomy 
failures (no improvement for one month after surgery) ranges from 25% (47) to 
66% (49). Cyclophosphamide seems to be more effective than azathioprine, but its 
potential side effects are more serious (47). 

The vinca alkaloids, vincristine and vinblastine (51-54), were recently introduced 
in the treatment of ITP. These are potent immunosuppresants of both humoral and 
cellular immunity (55). In contrast to most immunosuppressive agents that cause 
thrombocytopenia, these agents induce thrombocytosis in animals (56, 57) and man 
(58, 59). Vincristine is used in dosages of 0.025 mg/kg (not more than two mg 
intravenously in the average adult) (54); vinblastine, in dosages of 0.125 mg/kg (10 
mg intravenously in the average adult). Injections of vinca alkaloids are repeated 
every 7-10 days (54). A rise in platelets is usually observed within 5-7 days after 
injection. This early response is an obvious advantage over azathioprine and cyclo- 
phosphamide. When there is no response after three injections, the likelihood of 
benefit is lessened and side effects are increased. Once remission occurs, no mainte- 
nance therapy is given. Therapy is usually well tolerated. Vinblastine appears to be 
as effective as vincristine, although the duration of remissions is perhaps shorter 
(42). When neuropathies become a problem in responders, vinblastine can be used 
instead of, or in alternation with, vincristine (42). 


304 AHN & HARRINGTON 


With vincristine, transient malaise, jaw pain, and fever may be observed shortly 
after injections. Various neuropathies (particularly sensory ones involving the hands 
and feet) are more troublesome and are seen somewhat more commonly in older 
people. These are reversible after discontinuation of treatment. Neutropenia is the 
major side effect of vinblastine therapy. 

The use of vinca alkaloids should usually be reserved for patients whose throm- 
bocytopenia is refractory to splenectomy and glucocorticoids. Among these refrac- 
tory cases, partial or complete remissions were induced in 11 out of 16 instances 
(69%) (42, 54). They should not be used as the primary treatment unless there is 
a contraindication to steroids and splenectomy. 

In the treatment of severely thrombocytopenic patients with vinca alkaloids, no 
aggravation of bleeding has been observed, even though vinca alkaloid-induced 
platelet dysfunctions in vitro have been reported (60). 

Various other immunosuppressive agents have been tried in patients with ITP. 
These include chlorambucil, methotrexate, asparaginase (53), and actinomycin C 
(61). These have been used in only a small number of patients; their efficacy cannot 
be evaluated. 

As noted, in some clinics immunosuppressive agents have been used in non- 
splenectomized patients (48, 49). The responses are often of short duration, requir- 
ing continuation of therapy; a complete, unmaintained remission is seldom induced 
(47, 54). In contrast, immunosuppressive agents are much more effective when used 
in splenectomized patients, with a better rate of complete remission (47, 49, 54). 
Considering the potential risks involved with prolonged use of immunosuppressive 
agents (all of which are mutagenic) (62, 63), they should not be used in the primary 
modality of treatment. Their use in the pediatric age group and in women of 
childbearing age should additionally be discouraged because of the self-limited 
nature of childhood “ITP” and the teratogenic potential of these agents. 

It has been emphasized that the outcome of immunosuppressive treatment with 
azathioprine and cyclophosphamide (47, 49) depends on the duration of the disease; 
if of short duration (less than seven months), most respond favorably, while those 
of long duration seldom respond. However, duration of disease also reflects the 
failure of other measures and thereby embodies a selecting out of more severely 
affected patients. Nonetheless, in the case of vinca alkaloids, favorable responses do 
not appear to depend upon the duration of the disease (54). A trial designed for 
induction of remission in patients with refractory ITP, using vinca alkaloids and 
maintaining with cyclophosphamide, is underway (42). 

Once complete remission is obtained, every effort should be made to discontinue 
immunosuppressants. Long-term maintenance therapy is not recommended unless 
symptomatic thrombocytopenia recurs. 


Neonatal Thrombocytopenia and Idiopathic Thrombocytopenic Purpura 
in Pregnancy 


Neonatal thrombocytopenia may occur in newborns of mothers with idiopathic 
thrombocytopenia even if these women were “cured” months or years before by 
splenectomy; it may also occur de novo without the presence or history of throm- 
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bocytopenia in the mother (64). Special problems are presented by ITP in pregnancy 
and by neonatal thrombocytopenia. If untreated, there is a 10% maternal (65, 66), 
and up to a 25% infant mortality (65), whereas with proper recognition and manage- 
ment both are nil (6). 

It is now well established that two mechanisms may underlie these forms of 
neonatal thrombocytopenia. Autoantibody from mothers with or without a history 
of idiopathic thrombocytopenia may be responsible (6, 67). Furthermore, with the 
discovery of platelet antigens distinct from those of the red cell (6), it was realized 
that isoimmunization may cause neonatal thrombocytopenia in a manner analogous 
to that of Rh isoimmunization in hemolytic disease of the newborn. Both platelet- 
specific and histocompatibility antigens may cause isoimmune neonatal throm- 
bocytopenia (67-69). 

During the first trimester of pregnancy, women with ITP should be treated with 
splenectomy, since glucocorticoids and nonsteroidal immunosuppressants are 
teratogenic during this period. The surgery may precipitate abortion (21). 

Later in pregnancy, glucocorticoids may be used, but with careful attention to 
their side effects, including an increased susceptibility to eclampsia (70, 71). There 
are no adequate data on the use of other agents. Splenectomy later in pregnancy may 
be carried out if necessary through a transthoracic approach (successful in the two 
such instances tried in this clinic) (21). 

However, later in pregnancy, when a viable infant can be expected, transabdomi- 
nal splenectomy with cesarean section may be employed, successful in the three such 
instances in our experience (21) and also successful in the experience of others (72). 

Most women with ITP or a history of ITP give birth to thrombocytopenic infants 
although they themselves have had splenectomy-induced “cures” even years before 
(6, 26). The infant having a spleen has thrombocytopenia in the presence of anti- 
body. The greatest threat to the infant is birth trauma leading to intracranial 
bleeding. Accordingly, delivery should be accomplished with minimal instrumenta- 
tion. Alternatively, if there is a history of severe neonatal thrombocytopenia from 
previous pregnancies, delivery should be accomplished by cesarean section. 

If there was only mild neonatal thrombocytopenia in newborn infants from 
previous pregnancies, administration of prednisone (e.g., 1 mg/kg per day during 
the last two weeks of pregnancy) should be considered. There are no adequate data 
on the use of other immunosuppressants. 


Postpartum Thrombocytopenia 


Seventeen episodes of so-called ITP have been observed in eight women, occurring 
4-6 weeks after delivery, miscarriage, or spontaneous abortion (21, 73, 74). In no 
instance has there been any relationship to medications or to other recognizable 
factors save for the postpartum state, and the pattern of recurrence in several women 
following successive pregnancies establishes the syndrome as having a relationship 
to the postpartum state. It therefore is not “idiopathic,” strictly defined. However, 
since it has not been described in other series and therefore is not generally recog- 
nized as having a relationship to the postpartum state, it would probably be misclas- 
sified as ITP. 
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This syndrome responds to glucocorticoid therapy. Prompt remissions occur, and 
recurrence does not take place upon discontinuance of the steroid treatment. It does 
take place, however, following future pregnancies, although in the one instance in 
which splenectomy was carried out, subsequent pregnancies were not followied by 
recurrence. During pregnancy itself, the affected woman is hematologically normal, 
and the newborn baby is unaffected. 


SUMMARY 


In summary, idiopathic thrombocytopenic purpura (as defined here) should be 
treated initially with glucocorticoids unless there is life-threatening hemorrhage 
(such as intracranial bleeding), in which case emergency splenectomy is indicated, 
since it generally gives the most prompt improvement in platelet count of all modes 
of treatment. 

Steroid therapy provides time for the physician to observe the course of the 
disease and to better define the cause of the thrombocytopenia. A complete, sus- 
tained remission following treatment with steroids may occasionally be obtained. 

In most cases the steroid response is transient, and splenectomy is the most 
definitive measure with respect to a lifelong cure. Complete clinical cure is obtained 
in 70-80% of instances following splenectomy, with a véry low operative risk. The 
remainder either fail to respond or experience relapse. In this group of patients, 
steroids should again be tried; if a good response is obtained, steroids should be given 
every second or third day to lessen long-term side effects. 

If these measures fail, the use of immunosuppressive agents is justified. Both vinca 
alkaloids and cyclophosphamide are especially useful. Vinca alkaloids act more 
promptly, but cyclophosphamide may have a more lasting effect. Azathioprine may 
also be used; however, it appears to yield a lower remission rate. Nonsteroidal 
immunosuppressive agents should not be used as the primary modality of therapy. 
And, due to their carcinogenic and teratogenic potential, they should be avoided, 
if possible, especially in children and in women during their childbearing years. 
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INTRODUCTION — 


Concerning discovery in the natural sciences, Lewis Thomas has written, “There are 
special kinds of information that seem to be chemotactic. As soon as a trace is 
released, receptors at the back of the neck are caused to tremble, there is a massive 
convergence of motile. minds flying upwind on a gradient of surprise, crowding 
around the source. It is an infiltration of intellects, an inflammation” (1). Ironically, 
this type of response did not greet the reports of Ellerman & Bang in 1908 or of 
Rous in 1910 on the transmissibility of an avian leukemia and an avian sarcoma with 
a filterable agent (2, 3). Although Rous eventually fulfilled most of Koch’s postu- 
lates, which dominated that important era of infectious disease research, his inability 
to induce tumors in mammals with his “tumor virus” led most of the scientific world 
to disregard the avian system as an anomaly unsupportive of a general viral etiology 
of cancer. 

The virus-cancer concept began to gain support between 1930 and 1950 from the 
mamimalian-based experiments of Shope (4), Bittner (5), Gross (6), and others (7). 
It was not until the 1960s, however, that the idea of a virus etiology of cancer began 
to attract the efforts of a critical multidisciplinary mass of virologists, geneticists, 
epidemiologists, immunologists, and molecular biologists. As a result, evidence has 
accumulated that establishes (a) that some naturally occurring animal cancers are 
actually caused by viruses, (b) that the ability of these viruses to cause such cancers 
is under genetic control of the host, and (c) that immunologic prophylaxis that has 
provided protection against many: conventional virus diseases may in certain in- 
stances. be effective in preventing virus-induced cancers. 

As yet, no unequivocal etiologic relationship between a virus and any malignant 
human cancer has been established. On the other hand, a growing body of virologic, 
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serologic, and epidemiologic evidence supports a role for certain viruses in specific 
human tumors. 

Here we review the state of knowledge in this field, with special emphasis on 
recent virologic and immunologic data involving human cancer and animal models 
that appear analogous to human tumors. Several comprehensive and recent reviews 
are available that can supplement the virological (7-12), immunological (13-18) or. 
multicategorical (19-21) data described briefly here. 


GENERAL ETIOLOGICAL CONSIDERATIONS 


Cancer in both animals and humans is acknowledged to be a multifactorial disease 
in which genetic background, host defenses, and environmental influences play 
critical roles (13, 22, 23). Thus, as a general example, the host genotype may 
determine the oncogenic potential of an environmentally abundant carcinogen inde- 
pendent of other factors. As a specific example, the enzyme aryl hydrocarbon 
hydroxylase (AHH) is one of the mixed-function oxidase enzyme systems that 
converts nonpolar polycyclic aromatic hydrocarbons to excretable water-soluble 
products. The chemically reactive intermediates formed by this enzyme are both 
cytotoxic and carcinogenic (24). In mice, the inducibility of the AHH system 
segregates as a single autosomal dominant gene. Strains of mice carrying this gene 
are easily inducible for AHH activity and highly sensitive to 3-methylcholanthrene 
(MCA) carcinogenesis, presumably due to the rapid and efficient metabolism of 
MCA to its ultimate carcinogenic form (25). Recent studies have suggested that 
humans who are heavy smokers and whose cells are easily inducible for AHH are 
more likely to develop bronchogenic carcinoma than “low” inducible types who 
smoke heavily (26). 

Similarly, infection with a known oncogenic virus does not invariably result in 
tumor development. Thus the genotype of the host influences tumor-virus function 
at the cellular level (22, 27, 28) and affects host immunologic responsiveness directed 
at newly transformed tumor cells and infectious virus (13-16, 28-31, and see below). 


TYPES AND FREQUENCY OF CANCER 


Animal tumor systems have contributed so much of our knowledge concerning the 
molecular biology and pathobiology of tumor viruses that it is tempting a priori to 
relate animal cancer to human cancer by analogy. However, in no animal species 
do the incidence and variety of naturally occurring tumors duplicate those seen in 
man (22, 32-37, 41). Table 1, for example, compares tumors of domestic mammals 
with those of man in the United States. The most thoroughly studied mammal, the 
laboratory mouse, also develops a spectrum of spontaneous tumors different from 
those of man. These have been well documented for commonly used inbred strains 
(35, 36), as well as for several wild-mouse populations (35, 37). While several inbred 
laboratory strains show a very high incidence of mammary cancer (C3H) or leu- 
kemia (AKR), many of the most common human tumor types are rare (lung, 
digestive tract, etc) (35-37). 
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Table 1 Leading sites of cancer in humans and domestic animals in the United States? 








Approximate incidence (%) 
Tumor site Human 


male female Cattle Horse Cat Dog 








Breast <1 26 <1 <1 5 13 
Leukemia and lymphoma 8 7 20 2 33 8 
Respiratory system 24 7 <1 <1 4 3 
Bone and connective tissue 1 1 <1 <1 3 4 
Genital organs 18> 20° 9 10 1 5 
Buccal cavity and pharynx 5 2 1 1 8 5 
Digestive organs 26 24 2 1 7 10 
Urinary organs 9 4 <1 <1 2 <1 
Endocrine glands 2 2 <1 <1 1 2 
Brain and central nervous system 2 2 <i 4 1 2 
Eye <i <i 49 12 2 3 
Skin? 1 1 10 45 18 28 
All other and unspecified sites 4 4 5 15 12 11 








a Adapted from data in (32) and (34). 

bPredominantly tumor of the prostate. 

CPredominantly carcinoma of the uterine cervix (14%) and ovary (5%). 

incidence for humans includes melanoma only; incidence for animals includes all types 
of skin tumors. , 


Viruses in the Etiology of Cancer 


In this context we focus on the evidence and the possibilities that at least some 
animal and human cancer is actually caused by the action of oncogenic viruses. Most 
of the naturally occurring virus-induced tumors of animals are associated with the 
RNA viruses. These cause mammary carcinoma, leukemias, and sarcomas in the 
mouse, and leukemias and sarcomas in the cat and chicken (20 and see below). The 
DNA tumor viruses, including herpesviruses, papovaviruses, and adenoviruses, also 
induce sarcomas, lymphomas, and papillomas, but usually in hosts of species differ- 
ent from the natural host of the virus. H. saimiri, for example, is a naturally 
occurring non-oncogenic virus of the squirrel monkey, but induces a rapidly lethal 
reticulum-cell sarcoma in owl monkeys. 

The notion that every virus-induced animal tumor must have a virus-induced 
human counterpart, however attractive, is unsupported. Even if each type of proven 
virus-induced cancer in animals actually had an anatomic analog and virus-induced 
counterpart in man, the total could account only for about one fourth of all human 
cancers (Table 1), and would not include such medically significant forms as cancer 
of the lung, colon-rectum, esophagus-stomach, prostate, or liver-pancreas. Clearly, 
appropriate workable animal models are lacking for some of the most important 
forms of human cancer (38-40). 

In the absence of animal models, then, what types of evidence can be developed 
for or against a contention that a virus is actually the etiologic agent of a human 
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cancer? First, epidemiologic and serologic studies may either define a clear correla- 
tion between the occurrence of infection by a suspected tumor virus and a particular 
tumor, or demonstrate case clustering in time or geography, which is suggestive of 
an infectious process. Second, electron microscopic, biochemical, virological, and 
immunological techniques that detect tumor viruses in animal systems may be used 
to seek evidence of analogous viral activity in human tumors and normal human 
tissues. Third, immunoprophylaxis (vaccination) with vaccines prepared from sus- 
pected tumor viruses might achieve a reduction in the incidence of particular tumors 
and thus support an etiologic role for those viruses in types of specific human cancer. 
Fourth, examination of those patients having deficiency disorders involving anti- 
viral defenses might reveal the occurrence of unusual tumors.” Each of these ap- 
proaches has been utilized or is under way. 


CHARACTERISTICS OF THE KNOWN 
TUMOR-ASSOCIATED VIRUSES 


The general division of tumor-associated viruses into DNA and RNA classes is 
based upon the character of the genetic material of the complete virus particle. 
However, both general classes of viruses have the capacity to intrude into the host 
genome directly or indirectly as DNA sequences. Thè properties of the known RNA 
virus are discussed first. 


RNA TUMOR VIRUSES 


The oncornaviruses (a term derived from oncogenic RNA viruses) (42) have proven 
oncogenic potential expressed in the naturally occurring leukemias, sarcomas, and 
mammary carcinomas of several species (43-45). The intricate genetic ‘modus 
operandi” of the oncornaviruses has both inspired and perplexed the search for 
human oncogenic viruses during the past decade. Oncornaviruses are distributed 
widely among the vertebrates and share common structural, biochemical, physical, 
and immunological features (12, 42-45). These viruses are spherical, enveloped 
particles, 80-110 nm in diameter. An electron-dense nucleoid contains the viral 
genome within a ribonucleoprotein complex, while the surface envelope possesses 
the short antigenic glycoprotein spikes or knobs responsible for adsorption of the 
virus to a host cell. Two major subgroups are distinguished morphologically by the 
location of their nucleoid within the virus core: the type C particles with a centrally 
positioned nucleoid and the B particles with an eccentrically located nucleoid. Both 
type C and B particles are released from cells by budding through the cell mem- 
brane. A third morphologic subgroup, type A, has smaller particles with a double 
outer shell, which are seen either in the cytoplasm or around the nucleus. The 
relationship of type A particles to types B and C is unclear. Type C particles are 


?The emphasis in this pursuit up to now has been upon supporting a surveillance role for 
the immune system against tumor cells, rather than selective susceptibility to oncogenic viruses 
of human or animal origin (13, 113). 
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usually found associated with animal leukemias and sarcomas, whereas the type B 
particles are exclusively associated with mammary carcinoma. 

Oncornaviruses are comprised of six major structural proteins that are designated 
by the prefix p (protein) or gp (for glycoproteins), followed by the abbreviated 
molecular weight of the protein (45). For example, p30 refers to the major 30,000- 
MW internal protein, which comprises 10-12% of the total protein of the virus, 
while gp70 refers to the 70,000-MW glycoprotein spike found on the envelope of 
the murine oncornaviruses. The molecular weights of analogous oncornavirus pro- 
teins vary little from one virus to another, but each viral protein has unique im- 
munologic specificities. These specificities provide the means for “tracking” 
individual viruses or virus proteins during animal studies and in searching for 
oncornaviruses of authentic human origin (43, 44, 45). Antigenic specificities cur- 
rently known include type-specific antigens, which are carried by a particular virus 
strain; group-specific or species-specific antigens, which are common to all oncor- 
naviruses isolated from a given host species; and interspecific determinants, which 
are shared by viruses from two or more different mammalian species (43, 45). In 
addition to structural proteins, the viral genome codes for an RNA-dependent DNA 
polymerase, or reverse transcriptase (p60), which can synthesize homologous DNA 
from a single-stranded RNA template (46, 47). This ability to convert viral RNA 
to DNA permits integration of the viral genome with that of the host cell (46, 
47). 

The genome of the oncornaviruses is polyploid, i.e. consists of 3—4 identical RNA 
subunits, each with an approximate molecular weight of 3 X 10° (44, 48). The 
complete oncornavirus genome is also referred to as a virogene (see below) (49-51). 
The total genetic information in each subunit can encode about 300,000 daltons of 
amino-acid sequence, most of which has already been identified in the form of viral 
structural proteins (45, 48). Four major genetic “loci” have been mapped within the 
genome of the avian sarcoma viruses (48): The onc locus or oncogene (50, 51) 
regulates the transforming or oncogenic potential of the virus; the pol locus specifies 
the RNA-dependent DNA polymerase (p60 or “reverse transcriptase”); the eny 
locus specifies the major envelope glycoprotein of the virus (gp 70); and the gag 
locus encodes other major structural proteins of the virus (p10, 12, 15, 30) (45, 48). 

When a virogene is integrated into susceptible host cell DNA and the viral 
genome contains an oncogene (onc), the growth properties of the infected cell are 
altered and the infected cells become transformed, behaving in vitro and in vivo like 
malignant cells. The onc locus is thought to specify the synthesis of a yet-uniden- 
tified transforming protein with a molecular weight of up to 50,000 (48). 

The transforming potential of leukemogenic and sarcomogenic oncornaviruses is 
usually studied using viruses obtained from tumors (Rous sarcoma virus; Gross, 
Friend, Rauscher, or Moloney leukemia viruses, etc) (7, 43, 44). These viruses 
behave like ordinary viral infectious agents when injected into either newborn or 
adult animals, replicating to high titers and causing tumors (7). Recently it has 
become apparent that the oncogenic capability of the widely used laboratory strains 
is not a regular attribute of the oncornaviruses. Thus, type C particles found in many 
normal tissues and even in tumors are usually not oncogenic (53). This has led to 
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the disclosure that virogenes are present in one or more copies in each somatic and 
germ cell of each individual among many species (49-51). These virogenes are 
transmitted from parent to progeny according to Mendelian expectations (49-53). 
Activation of virogene expression within otherwise normal cells or tumor cells may 
occur either spontaneously, or following diverse cell stimuli. This results in synthesis 
and release of type C infectious oncornaviruses in the absence of malignant transfor- 
mation. The onc locus or oncogene function is therefore not required for replication 
of oncornaviruses (48-51). Agents that can induce expression of endogenous oncor- 
naviruses include analogs of some of the most widely used cancer chemotherapeutic 
agents (82). Graft-versus-host reactions are also known to activate oncornavirus 
production (95). 

It is postulated that oncornaviruses may have evolved from animal cells in which 
they perform some unknown but vital functions during normal differentiation or 
adult life (43, 49, 54-56). Furthermore, they may have served as natural transmitters 
of genes between the species during evolution (49). Most important to our consider- 
ations, they do have the capability to transmit oncogenic information (i.e. onco- 
genes) both horizontally (infectious form) and vertically (parent to offspring 
through the gametes). In either case, they can disrupt normal cellular controls and 
cause neoplasia in several species. 

Nontransforming (i.e. non-oncogenic) endogenous oncornaviruses released from 
cells do not usually cause cytopathic changes in the cells they infect. They are 
detected by electron microscopy, by measuring the presence of their viral DNA 
polymerase [reverse transcriptase], by measuring antigenic viral proteins in cells and 
tissues, by nucleic-acid hybridization using labeled viral RNA or labeled DNA 
transcripts of the viral RNA, and in some cases by tissue-culture virus-plaque assays 
(43). On these various grounds, the murine endogenous oncornaviruses are divided 
into three tentative subgroups. The first includes those that replicate only in cells 
of the species of origin (ecotropic); the second includes those that are restricted or 
unable to grow in the species of origin, but can grow in cells of many other species 
(xenotropic) (57). The third includes those that replicate well in both the species of 
origin and other species (amphotropic) (58). The ecotropic murine leukemia viruses 
are subdivided further into N and B tropic groups on the basis of whether they can 
infect cells from certain genetically defined strains of mice (59). 

Certain avian sarcoma viruses, termed “helper-independent,” induce tumors that 
produce infectious oncogenic virus. Sarcomas induced by these viruses grow both 
by tumor cell division and the continuous transformation of additional normal cells 
by the infectious virus. In contrast, all known mammalian type C sarcoma viruses 
(i.e. feline, mouse, woolly monkey) are oncogenic in their own species, but are 
“defective,” in that infectious progeny viruses are not produced by newly trans- 
formed sarcoma cells. Defective sarcoma virus genomes in mammals can be rescued 
by superinfection of cells with nontransforming type C oncornaviruses (i.e. leukemia 
viruses). The leukemia “helper” virus provides the defective sarcoma virus with the. 
necessary envelope proteins it lacks for formation of complete infectious virus. The 
progeny resulting from such rescue of defective sarcoma viruses are of two types: 
a pseudotype virus having the sarcoma genome contained within an envelope or coat 
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provided by an alien rescuing type C leukemia virus. The second virus produced is 
the infectious leukemia helper virus. An important consequence of this helper effect 
is that the pseudotype virus assumes the host range of the helper virus that rescued 
it. Thus, for example, if a defective murine sarcoma virus is rescued by ecotropic 
mouse leukemia helper virus, the resulting progeny replicate only in mouse cells. 
However, if the same murine sarcoma virus is rescued by a feline leukemia virus 
helper (FeLV), the pseudotype sarcoma virus grows in cat, dog, and human cell 
cultures—the normal host range for FeLV (43), but not in mouse cells. This phe- 
nomenon has been widely used as a test for the presence of putative type C helper 
viruses (nontransforming) and has been an important tool for recovering defective 
transforming oncornaviruses from tumor cells. 


Oncornaviruses and Leukemia 


Leukemia is transmitted horizontally as a classical infectious disease by oncor- 
naviruses in chickens and domestic cats (7, 60). Among inbred laboratory mice, 
murine leukemia viruses are acquired chiefly by vertical transmission, but horizontal 
transmission has been difficult to rule out (7). Naturally occurring leukemia in the 
mouse involves at ‘least three independent loci that influence the occurrence of the 
disease (27). The V loci are chromosomal sites of leukemia virus integration; the 
Fy-1 locus controls the replication of the virus, and the Jr region of the MHC 
complex controls immunological responsiveness to the virus and to some tumor- 
associated antigens (13, 25, 29-31). Recent trappings of wild mice have uncovered 
populations with a high (20%) incidence of leukemia combined with a high level 
of spontaneous expression of type C virus, but it is still unclear whether the virus 
is endogenous or is spread by horizontal infection (37). 

No compelling epidemiologic evidence currently exists that either a horizontally 
or vertically transmitted virus is involved in any human leukemia. However, scat- 
tered clinical reports continue to sustain a modest level of enthusiasm for the notion 
that an oncogenic virus may be involved in some way. For example, Thomas et al 
report in vivo leukemic transformation of normal human marrow cells following 
their engrafting into an irradiated human recipient (61). Similarly, a monozygous 
twin with leukemia had leukocytes that contained oncornavirus-like nucleic acid not 
detectable in cells taken from the healthy child (62). 

Most workers investigating a possible viral etiology of human leukemia are 
searching for infectious type-C particles or components of oncornaviruses in human 
leukemic and normal cells using biochemical, immunological, and virological tech- 
niques developed with mouse, cat, and primate oncornaviruses (63-71). The results 
obtained with human leukemias have been intriguing, confusing, and contradictory. 
Antigens related to the reverse transcriptase (72) and to the p30 structural protein 
of a woolly monkey virus (65) were detected in acute human myelogenous leukemic 
cells. Subsequently, a type C virus was reported to be isolated from cultured human 
acute myelogenous leukemic cells (64, 68, 69). The latter virus, termed HL23V, 
turned out to be a mixture of two distinct viruses, one indistinguishable from the 
woolly monkey virus (SSAV-1), the other identical to an endogenous virus of the 
baboon species, Papio cynocephalus (BALV-M7). The possibility was considered 
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that these two viruses resulted from accidental laboratory contamination, but the 
fact that antigens of these viruses could be detected in fresh cells from the patient 
seemed to rule out this possibility (110). Since no DNA sequences related to the 
woolly monkey viruses have been found in normal human cells (7, 100), it is 
assumed that these viruses were horizontally transmitted to man (70, 73, 110, 111). 

Several groups have independently reported the isolation of type C particles 
related to the woolly monkey virus from human tissues and tumors (66, 67). These 
data argue that primate viruses may be more widespread in human population than 
had been suspected. However, the argument for horizontal infection is not sup- 
ported by other studies (70), in which no evidence could be found for the presence 
of woolly monkey viruses in over 200 individual tissue cultures of human origin. Nor 
was antibody reactivity found to be directed against woolly monkey p30 or gp70 in 
over 400 normal human sera and sera from patients with tumors. These apparently 
contradictory results cannot be resolved with the available data. 

Additional evidence supporting an association between the oncornaviruses and 
some human leukemias has been obtained by Metzgar and co-workers (71). Highly 
specific antisera prepared against purified structural proteins of the Friend murine 
leukemia virus (FLV) reacted with some human leukemia cells (CML, AMML), but 
not with others (AML, ALL, CLL). Normal peripheral leukocytes did not react. 
Their data indicate that whatever the mechanism of leukemogenesis is in man, CML 
and AML cells possess membrane antigens that cross-react with FLV structural 
components, including p30 and gp70 (71). 


Oncornaviruses and Mammary Carcinoma 


Oncornaviruses with a type B morphology are the etiologic agents of mammary 
adenocarcinoma in inbred mice (5, 7, 74). The mammary tumor virus (MTV) is 
transmitted in milk, seminal fluid, the gametes, and can be detected in its integrated 
form in most tissues of all mouse strains using specific nucleic-acid hybridization 
techniques (75). However, the incidence of mammary cancer in different mice varies 
widely among different strains, being strongly influenced by genetic factors. In 
contrast to other oncomnaviruses, satisfactory in vitro assays of MTV biological 
activities are not available. 

Type B particles resembling MTV of mice are only rarely found in human milk 
and the presence of these particles does not correlate with a propensity to develop 
breast cancer (74). Other epidemiologic data is not consistent with a horizontally 
transmitted infectious agent in human breast cancer. Some evidence supporting the 
existence of a human analog of mouse MTV is found in nucleic-acid hybridization 
experiments. These show the presence of mouse MTV nucleic-acid-like sequences 
in human breast carcinoma but not in normal breast tissue (76). Further evidence 
for the similarity of a putative human MTV and the mouse virus is provided by the 
fact that sera from 50% of breast cancer patients, 40% of relatives of some of those 
patients, but only 15% of normal donors reacted positively in immunofluorescence 
tests with mouse mammary tumor cells (77). One candidate MTV virus (734B) 
isolated from a tissue-culture line of human mammary adenocarcinoma has been 
recently characterized (78). Recent hybridization experiments suggest that this virus 
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is of possible endogenous human origin since it anneals only with human, but not 
with nonhuman (including primate), nuclear DNA. 


Oncornaviruses and Sarcomas 


Oncornaviruses can induce sarcomas in mice, birds, and cats (43). In humans, 
sarcomas are infrequent and have not been studied intensively in this context. 
Relatives and contacts of patients with osteogenic sarcoma have a significantly 
higher incidence of demonstrable antibody and cell-mediated immunity to osteo- 
genic sarcoma antigens than the normal population (79-81). In one study, 80-90% 
of relatives of osteogenic sarcoma patients had antisarcoma antibodies as measured 
by immunofluorescence, in contrast to 29% of the normal population (77, 78). These 
data suggest, but do not prove, involvement of a transmissible infectious agent in 
such tumors. 


Oncornaviruses and Human Cancer in Perspective 


The epidemiologic studies of human cancer fail to support any general etiologic role 
for viruses acting as horizontally transmitted infectious agents (7). To oncornavirus 
advocates, this indicates that the multiple genetic restrictions on viral oncogenesis, 
known in animals, are.operational in man as well. It is also argued that the onco- 
genes of vertically transmitted endogenous human oncornaviruses are the critical 
participants in all types of naturally occurring or carcinogen-induced human cancer 
(50, 51). Indeed, mammary carcinoma or leukemia has occurred in several members 
of a family, over several successive generations (7), and the existence of so-called 
cancer families could be interpreted as evidence for a vertical mode of transmission. 

Chemical carcinogens play an important and in some cases proven etiologic role 
in certain human cancers (19, 112). These include cancer of the lung, bladder, 
stomach, and liver (19). Chemical carcinogens appear not to transform via the 
activation of oncornavirus genomes (82). Critical interpretation of these experi- 
ments, however, is limited by our inability to measure or regularly recover inte- 
grated viral oncogenes from normal or transformed cells that fail to display other 
evidence of endogenous oncornavirus activity (82). 

Other experiments, however, support a possible role for oncornaviruses in chemi- 
cal carcinogenesis. These include successful immunization against chemical carcino- 
genesis with a vaccine prepared from species-specific type C particles (83), reduction 
in the incidence of chemically induced tumors with long-term interferon therapy 
(84), and prevention of viral-chemical cocarcinogenesis with neutralizing antibodies 
to oncornaviruses (85). 

A proven etiologic role for oncornaviruses in human cancer would present great 
challenges in immunoprophylaxis and immunotherapy. In animal systems, abun- 
dant evidence has accumulated that oncornavirus-associated or -induced antigens 
can be immunogenic in the species of origin and that these antigens can induce under 
certain conditions potent tumor-rejection reactions (17, 28, 86-89). Vaccination 
against horizontally transmitted or induced leukemia with viral vaccines has already 
produced encouraging results (87, 90). Similarly, the incidence of naturally occur- 
ring vertically transmitted leukemia and mammary carcinoma in mice can be re- 
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duced in certain instances with vaccines prepared from viral antigens (17). It is 
known that patients with metastatic cancer and acute leukemia have immune re- 
sponsiveness to oncornaviruses (91). Chemotherapy in man might properly be 
aimed at increasing the expression of oncornavirus antigens on tumor cell mem- 
branes, thereby enhancing the immunogenicity of otherwise weakly immunogenic 
tumors (49, 88). 

In conclusion, a role for oncornaviruses in human cancer is currently unproven. 
However, they remain active candidates in cancer etiology and pathogenesis and 
deserve attention also because of their possible association with other human dis- 
eases. These include certain neurological disorders (92) and autoimmune diseases 
(93, 94). Finally, since oncornaviruses.are known to be activated by allograft reac- 
tions in histocompatible graft recipients, they may be involved in certain immunopa- 
thologic processes as well as in the increased incidence of lymphoid neoplasia 
observed in immunosuppressed graft recipients (95). 


DNA TUMOR VIRUSES 


Three groups of DNA-containing viruses have a proven oncogenic potential in 
animal systems, the herpesviruses, adenoviruses, and papovaviruses (derived from 
papilloma, polyoma, vacuolating virus) (7-10, 12, 20, 96). The papovaviruses are 
the etiologic agents for human warts and are associated with other human papil- 
lomatous tumors (7). The adenoviruses have not yet been associated with any type 
of human cancer. The herpesviruses have been implicated in the etiology of Burkitt's 
lymphoma, nasopharyngeal carcinoma, and cervical carcinoma (97). The three virus 
groups possess a diversity of structural, virological, and immunological characteris- 
tics, but are united by a common ability to integrate their DNA directly with that 
of their host cells, and to transform normal cells into tumor cells. Detailed discus- 
sion of the molecular biology of these three virus agents is available elsewhere (8, 
10, 97-99). 


Papovaviruses 


Virions in this group are nonenveloped, 45 nm in diameter, and contain a DNA 
genome of molecular weight 3 X 10° (8, 10, 98, 99). The principal members are the 
polyoma virus, simian virus 40 (SV40), and the papilloma viruses. Polyoma and 
SV40 produce infectious viruses in cells that support their complete replication cycle 
(permissive cells), culminating in the release of thousands of virus particles and cell 
death. Alternatively, they may transform so-called nonpermissive cells; here the 
virus does not multiply, but does cause expression of genetic information that results 
in characteristic tumor-associated changes (99). 

The small size of their viral genomes and their ability to transform cells with high 
efficiency have made papovaviruses the most thoroughly studied of the DNA tumor 
viruses. Molecular characterization of their genomes has progressed to a point 
where the complete nucleic acid base sequence of both polyoma and SV40 willsoon 
be available (10). 

Polyoma virus is a naturally occurring, widespread tumor virus of mice (7). It is 
so named because of its ability to induce a broad histogenetic range of tumors. It 
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causes tumors in mice only when injected into newborns and is not known to be 
involved in any human cancer. 

‘The discovery of SV40 occurred during the production of the poliomyelitis vac- 
cine in Rhesus monkey kidney cells. It was realized at that time that many batches 
of both the killed and the live attenuated vaccines contained monkey kidney cell- 
derived infectious SV40 particles. Subsequent studies revealed that SV40 could 
induce tumors when injected into newborn hamsters and that it could transform 
such cells in vitro (8). Studies of the cancer incidence in persons inoculated with 
’ §V40-contaminated vaccine, however, did not show an increase in cancer type or 
frequency. 

Papilloma viruses cause warts and other papillomatous tumors in humans (7, 
100). Warts are troublesome to the patient but are benign tumors in terms of 
neoplastic potential. Laryngeal papillomas of children present more serious medical 
problems, but on the basis of localization rather than malignant character. On the 
other hand, papovaviruses have been isolated from central nervous system tissue of 
patients with progressive multifocal leukoencephalopathy (PML) and shown to 
induce brain tumors in newborn hamsters (101). This prevalent human tumor virus 
deserves much more extensive investigation. 


Adenoviruses 


Adenoviruses are much larger and more complex than the papovaviruses. Each 
non-enveloped particle contains a genome with a molecular weight of 25 X 106. 
However, small fragments of adenovirus DNA can transform cells in vitro and this 
transforming segment is not greater than 106 daltons (102). Adenovirus infections 
are very common in human populations and most humans contain antibodies to one 
or more of the 31 known serotypes (8). Approximately 13 of the known human 
serotypes have oncogenic potential in whole-animal or in vitro animal-cell systems 
(8, 98). Types 12, 18, and 31 are most oncogenic for the newborn hamster (8). 
Adenoviruses have no proven role in human tumors. 


_ Herpesviruses 


Herpesviruses are the largest and'structurally most complex of the oncogenic DNA 
viruses. The particles are enveloped, 180 nm in diameter and contain a genome of 
molecular weight 108 (97). Purified virions contain at least 33 species of polypeptides 
ranging in weight from 25,000 to 280,000 (97). Herpesviruses have a proven onco- 
genic potential in several different vertebrate species, including the domestic fowl 
(Marek’s disease lymphoma), the leopard frog (Lucké’s renal adenocarcinoma), as 
well as marmosets and owl monkeys (reticulum-cell sarcomas induced by H. saimiri 
and H. ateles) (10, 103, 104). The target cell for transformation in both Marek’s 
disease and H. saimiri infections is the T lymphocyte and the disease caused by each 
can be prevented by immunization with viral vaccines (103-105). 

At least five different herpesviruses infect humans: herpes simplex 1 (HSV-1), 
herpes simplex 2 (HSV-2), herpes zoster virus (HZV), Epstein-Barr virus (EBV), 
and cytomegalovirus (CMV). HSV-2 is epidemiologically associated with cervical 
carcinoma, while EBV is associated with Burkitt’s lymphoma and nasopharyngeal 
carcinoma (97). EBV is the etiologic agent for infectious mononucleosis (106). 
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The association of HSV-2 with cervical carcinoma is based first on seroepidemio- 
logical findings of a significantly higher incidence of neutralizing antibody to HSV-2 
in patients with cervical carcinoma than in control populations (97, 107). Second, 
human cervical tumor cells contain HSV-2 DNA, viral RNA, and viral antigens 
(107). Third, HSV-2 can transform cells in vitro (108, 109). 

Likewise, strong epidemiological, virological, and immunological evidence sup- 
ports but does not prove the role of EBV as the etiological agent of African Burkitt’s 
lymphoma (ABL) and nasopharyngeal carcinoma (NPC) (109). Almost all biopsies 
contain the EBV genome, whereas non—African Burkitt’s lymphomas do not but can 
be infected by it (109). 

EBV has a very restricted host range and in contrast to HSV-1 and HSV-2, causes 
a productive lytic infection only under restricted conditions (97). Of the two popula- 
tions of human lymphocytes, EBV infects only the B- or immunoglobulin-producing 
cells. Furthermore, whereas normal human leukocytes cannot be maintained for 
long in culture, infection of such cells with EBV transforms them into permanent 
lines of cells. EBV, which can “immortalize” human cells, can be recovered from 
Burkitt’s lymphoma cells and from the throat washings of patients with infectious 
mononucleosis. The question of whether the EB virus DNA is actually, integrated 
into host-cell DNA and if so, in how many copies in transformed cells, is unresolved 
(97). 


DNA Tumor Viruses in Perspective 


The most significant established medical attribute of the DNA tumor viruses cur- 
rently implicated in the etiology of malignant human cancer (EBV and HSV-2) is 
their infectious transmission from individual to individual with a benign outcome 
in the overwhelming majority of such infections. If the tumors presumed to be 
induced by these viruses indeed represent rare outcomes of such primary infections, 
then host elements (immunologic resistance and genetic background) as well as 
cocarcinogenic factors must play critical roles in their development. In the case of 
EBV and ABL, for example, holoendemic malaria has been proposed, but is not 
established as an important environmental determinant (97, 109). Prevention of 
these types of cancer could be directed either toward prophylaxis against primary 
virus infection, or elimination of cofactors in susceptible populations. 

Numerous studies have clearly established virus vaccines as safe and effective in 
preventing a variety of herpesvirus-induced animal tumors (114). Development of 
analogous immunological control measures for HSV-2 in human cervical carcinoma 
will require the development of appropriate animal models for use in preliminary 
vaccine trials (40). Furthermore, a clearer understanding of the role of antibody and 
cell-mediated immunity in persistent and recurrent human HSV-1 and HSV-2 infec- 
tions is needed (114). Several available animal models, however, could be used to 
study immunological prophylaxis of EBV infections for later application in man. 
Thus, primary EBV infection in cotton-topped marmosets results in clinically inap- 
parent immunologic response, a lingering, self-limited, lymphoproliferative disor- 
der, or B-cell lymphomas. In this model, problems of virus subtypes, cross-reactions, 
etc, could be objectively evaluated. Similarly, immunization with inactivated H. 
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saimari prevents the rapidly fatal lymphoma regularly induced in marmosets by this 
agent (105, 115). Applications of such animal studies to man will have the minimal 
requirements that any immunizing agents developed be noninfectious [i.e. DNA- 
free] (115), and that the immunologic balance that contains EBV-transformed cells 
in vivo is not upset, thus favoring escape of malignant clones (116). Prevention of 
ABL would eliminate the major cause of cancer in children of tropical zones. 
Prevention of NPC would eliminate one of the most common malignant tumors of 
individuals of southern Chinese origin. Lastly, effective immunization against EBV 
could eliminate infectious mononucleosis (106, 117), which, next to streptococcal 
disease, has the major responsibility for morbidity among infectious diseases of 
young people in the United States. Major programs along these lines should be 
expected in the next five years. 
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intratubular pressure (6) are decreased after 24 hr of obstruction, along with RBF, 
probably due to afferent arteriolar vasoconstriction (5). This glomerular-vascular 
response to obstruction occurs at the level of the individual nephron, since reduction 
in glomerular filtration pressure was also noted in single tubules blocked with oil 
24 hr previously, but not in adjacent unblocked tubules (7). 

Partial unilateral ureteral occlusion for several hours, with acute hydronephrosis, 
causes a reduction in urinary sodium concentration, sodium excretion, and free- 
water clearance per 100 ml GFR, as well as higher urine osmolality from the 
obstructed kidney during water diuresis (8). The similarity of these changes to those 
of renal-artery constriction suggested decreased renal perfusion affecting distal 
nephron function. Decreased sodium excretion during partial ureteral obstruction 
is caused in part by increased tubular reabsorption of sodium, rather than simply 
by decreased filtered load (9). Increased renal tubular permeability to creatinine, 
mannitol, sucrose, and iothalamate, but not inulin, has been observed when proxi- 
mal intratubular pressure exceeds 30 mm Hg (normal 12 mm Hg) for a brief period 
(10). 

There is no postobstructive diuresis after relief of UUO, that is, no absolute 
- increase in salt and water excretion (4, 9, 11). Urine flow and sodium excretion are 
usually considerably decreased compared to the contralateral normal kidney, al- 
though fractional excretion is markedly increased in the presence of a GFR and 
renal plasma flow (RPF), which are 18% and 33% of normal, respectively, in the 
rat (11) and 42% and 55% of normal in the dog (2). Jaenike (5) found that 
glomerular filtration pressure and proximal intratubular pressure were both 
markedly reduced after relief of 24-hr UUO and that vasodilators such as papaverine 
and acetylcholine, or volume expansion with mannitol or saline resulted in improved 
glomerular filtration. Preglomerular vasoconstriction thus appeared to be responsi- 
ble for the impaired filtration. Fractional reabsorption of sodium and water, mea- 
sured by micropuncture, is enhanced in the proximal and distal tubules of surface 
nephrons in the unilateral postobstructive kidney (11, 12) and, along with the 
decrease in individual-nephron GFR, results in decreased delivery of sodium to the 
distal nephron. Since fractional sodium excretion in the urine is increased, the 
impaired reabsorption must occur in the collecting duct or late distal tubule, or 
possibly in the juxtamedullary nephrons. 

Nephron functional heterogeneity may also be important in determining the 
function of the postobstructive kidney. Using the ferrocyanide-microdissection 
(modified Hanssen’s) technique, Harris & Yarger (11) found that filtration was 
present in 40%. of superficial and in only 12% of juxtamedullary nephrons, while, 
using microspheres, the outer cortical blood flow was decreased and deep cortical 
flow relatively increased (2). It was suggested that these changes in intrarenal 
distribution of filtration and perfusion could be explained by preglomerular (afferent 
arteriolar) vasoconstriction in outer cortical nephrons, possibly secondary to renin 
release, and by postglomerular (efferent arteriolar) vasodilatation in the juxtamedul- 
lary nephrons, perhaps secondary to decreased blood viscosity resulting from the 
marked decrease in medullary osmolality of the postobstructive kidney (2). 
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Intrarenal pressure remains high (30 mm Hg) during 24-hr bilateral ureteral ob- 
struction (BUO), rather than falling to below normal values (9.2 mm Hg) as in UUO 
(6). This difference in degree and duration of elevation of intrarenal pressure be- 
tween BUO and UUO may be important in determining the extent of subsequent 
nephron loss. Total RBF has not been determined prior to relief of 24-hr BUO, but 
there is decreased fractional perfusion of the outer cortex and a relative increase in 
perfusion of the deep cortex (13). 

The occurrence of a massive natriuresis and diuresis after relief of complete or 
severe partial urinary-tract obstruction, referred to as postobstructive diuresis 
(POD), is a clinical event of considerable interest and importance that was first 
noted many years ago (14, 15). Relief of 24-hr BUO in the rat produces a similar 
phenomenon, in which the intrinsic renal defect has recently been studied in detail 
(6, 16-18). As in the clinical cases, the striking diuresis and natriuresis after BUO 
in the rat is not influenced by administration of vasopressin or aldosterone (6). 
Glomerular filtration rate is 10-20% of normal, total RBF is normal (16) or rela- 
tively higher than GFR (6), and intrarenal distribution of blood flow is normal (13, 
16). Decreased, glomerular filtration cannot be attributed to persisting tubular ob- 
struction, since proximal intratubular pressure is normal (16). GFR does not in- 
crease with renal vasodilatation, and the finding of decreased. renal extraction with 
increased hippurate clearance relative to inulin clearance suggests the presence of 
vasodilatation. Thus Jaenike (16) concluded that the decreased nephron GFR after 
relief of BUO was largely the result of efferent glomerular arteriolar vasodilatation 
with consequent reduction in glomerular-capillary hydrostatic pressure. Several 
studies indicate that surface-nephron GFR is decreased less than total-kidney GFR, 
suggesting more marked impairment of filtration in deep juxtamedullary nephrons 
(6, 16, 17). However, the presence of considerable heterogeneity of nephron function 
(16) makes this conclusion hazardous, and studies using the ferrocyanide-microdis- 
section technique do not indicate consistent redistribution of nephron filtration rates 
during POD (19). 

Tubular reabsorption of sodium and water is markedly decreased in the kidney 
undergoing POD. In the proximal tubule of surface nephrons, micropuncture mea- 
surements have shown normal (5, 16) or reduced (17) reabsorption. Reduced reab- 
sorption was not associated with decreased peritubular capillary protein 
concentration (17). In the distal tubule, sodium and water reabsorption are consis- 
tently reduced (6, 17), but McDougal & Wright also noted that the fraction of 
filtered sodium remaining at the end of surface distal tubules was less than the 
fraction of filtered sodium in the final urine, suggesting more marked impairment 
of sodium reabsorption in the deep nephrons or entry of sodium into the collecting 
duct (17). In addition, these authors demonstrated abnormal permeability of the 
proximal and distal tubules to mannitol and inulin, which could be a contributory 
factor in the reduced fluid reabsorption along the length of the nephron during POD 
by allowing increased back-diffusion of sodium and water into the tubule lumen. 
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Medullary collecting-duct function was recently studied directly by microcatheteri- 
zation in the kidney undergoing POD, and Sonnenberg & Wilson (18) observed 
absence of reabsorption and actual net entry of sodium and water into the collecting 
duct. 


POSTOBSTRUCTIVE DIURESIS (POD) 


Clinical studies during POD after relief of complete or severe partial obstruction of 
both kidneys or of a solitary kidney, have suggested that extracellular-fluid volume 
expansion, urea osmotic diuresis, or other circulating natriuretic factors, are possi- 
ble extrarenal mechanisms accounting for POD, while impaired reabsorption in the 
proximal and/or distal tubule have been suggested as the important intrinsic fac- 
tors in the decreased tubular reabsorption of sodium and water. Recent animal 
studies using intravenous reinfusion of urine (20) or cross-circulation (21) pro- 
vide strong evidence that circulating natriuretic factors, particularly urea, are of 
major importance in the POD seen after relief of BUO but not UUO (Figure 1). 
Natriuretic factors other than urea, which have been demonstrated in serum and 
urine in chronic uremia (22-24), may also play a role in this phenomenon. Using 
normal rats with 24-hr complete urine reinfusion to simulate BUO, it was found that 
urea and circulating natriuretic factors have their major effect on inhibition of 
tubular reabsorption in nephron segments proximal to the medullary collecting duct 
(18). Accordingly, there is decreased fractional reabsorption of sodium and water 
in the distal and possibly proximal tubules after relief of BUO (6, 16, 17), while after 
relief of UUO in the absence of uremia, fractional reabsorption in these nephron 
segments is actually enhanced (11, 12). Because of the marked decrease in GFR after 
relief of BUO, the absolute amount of salt and water delivered to the medullary 
collecting duct was reduced in rats undergoing POD, although the urinary excretion 
of salt and water was markedly increased. The medullary collecting duct, therefore, 
appeared to be the critical nephron segment affected in the postobstructive kidney, 
and direct measurements of sodium and water reabsorption indicated net entry of 
salt and water (18). In another group of rats with 24-hr UUO there was no POD, 
but with urine reinfusion from the contralateral normal kidney the diuresis and 
natriuresis after relief of UUO was similar to that after BUO. Moreover, net addition 
of sodium and no significant water reabsorption were demonstrated in the medullary 
collecting duct of such animals. Sonnenberg & Wilson (18) concluded that the net 
entry of sodium into the medullary collecting duct during POD was probably a 
„direct effect of obstruction, since it was found during POD after relief of BUO or 
UUO, but not with urine reinfusion alone (Figure 2). 

The major mechanisms determining POD after relief of complete obstruction 
therefore appear to be (a) inhibition of proximal and distal tubular fluid reabsorp- 
tion by urea and possibly other circulating natriuretic factors that accumulate in 
uremia; and (6) the direct effect of urinary-tract obstruction, perhaps through 
increased intrapelvic pressure, causing a marked decrease in reabsorption or actual 
net entry of sodium and water into the collecting ducts. 
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Figure 1 Changes in urine flow (upper panel) and sodium excretion (lower panel) in normal 
rats undergoing cross-circulation with donor rats having bilateral @) or unilateral ©) ureteral 
ligation of 24-hr duration. Standard error of mean value is shown,.and significance of the 
difference from the mean control value. * : <0.01 or less; { : P <0.05. (Reprinted from J. Clin. 
Invest. 57:383, with permission.) 
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Figure 2 Percentage of filtered water and sodium remaining at beginning and end of medul- 
lary collecting duct in groups A—after relief of 24-hr bilateral ureteral ligation; B—after 24-hr 
total urine reinfusion intravenously (no obstruction); and C—after 24-hr unilateral ureteral 
ligation with urine reinfusion from the contralateral normal kidney, compared with normal 
sham-operated rats (Reprinted from J. Clin. Invest. 57:1572, with permission). 


CHRONIC OBSTRUCTION 


During chronic unilateral obstruction, either complete or partial, both RBF and 
GFR are reduced, as already noted after 24 hours of obstruction, and there isa 
compensatory increase in these parameters in the contralateral normal kidney. 
Clearance studies in chronically hydronephrotic dogs during hypotonic saline load- 
ing indicated that, in contrast to acute hydronephrosis, fractional free-water clear- 
ance and sodium excretion were increased in the hydronephrotic kidney (8). 
Micropuncture studies in a rat model of chronic partial obstruction have demon- 
strated that surface-nephron GFR was reduced, but was less impaired than whole- 
kidney GFR, and that proximal tubular reabsorption was normal or enhanced (25). 
The results suggest that impaired reabsorption in the distal tubule, deeper nephrons, 
or the collecting ducts was largely responsible for the decreased concentrating 
ability and enhanced fractional excretion of sodium. Disproportionate reduction of 
GFR in the juxtamedullary nephrons of chronically obstructed kidneys has also 
been observed more directly (19). 

After relief of chronic partial obstruction, increased fractional excretion of 
sodium and water is seen in man (26) and in the rat model (25), but there is no 
postobstructive diuresis. Thus, as with acute unilateral obstruction, factors other 
than the intrinsic renal damage must be essential for the development of this - 
phenomenon. Hypotonic volume expansion resulted in a disproportionate diuresis 
from the hydronephrotic kidney, which was associated with reduced reabsorption 
in the distal nephron (27). Similar increased excretion from the postobstructive 
kidney has been observed with mannitol] administration after relief of 24-hr unilat- 
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eral ureteral ligation in the dog (28). Since extracellular-fluid volume expansion is 
a common clinical feature of patients with complete or severe partial obstruction 
(14, 15, 29, 30), these results suggest that volume expansion could be a significant 
factor in POD, even in the absence of uremia, by exaggerating a defect in water 
reabsorption in the distal nephron and/or in the deep nephrons or collecting ducts 
of the hydronephrotic kidney. 

The role of uremia and reduced nephron mass in determining the function of the 
chronically obstructed kidney has been studied in micropuncture experiments car- 
ried out before and after relief of chronic partial obstruction in a solitary kidney (31). 
Modest POD occurred with little change in surface-nephron function, indicating 
again the importance of impaired reabsorption in the deeper nephrons or collecting 
ducts. A similar increase in salt-water excretion was not seen in remnant kidneys 
with a similar GFR but with an intact renal medulla. High blood-urea levels were 
associated with more marked POD and with decreased water reabsorption in the 
distal nephron. 


RECOVERY OF RENAL FUNCTION AFTER OBSTRUCTION 


Recovery of renal function after relief of obstruction is an important clinical prob- 
lem. In dogs after 7 days of UUO, there is immediate recovery of filtration to 25% 
of normal, with maximum improvement of 65% of control values (32). After 14 
days of complete UUO, GFR and tubular function returned to 46% of the control 
value by 4 months after relief of obstruction and did not change thereafter (33). 
Sodium excretion and free-water reabsorption were similar to controls when cor- 
rected for GFR. In animals there is little evidence of improvement in function if 
obstruction has been present for more than four weeks. 

Few human studies are available that document the degree of recovery of renal 
function after well-defined periods of obstruction. Recovery of function, based on 
roentgenographic studies, is probable for man with less than three weeks ureteral 
obstruction (34) and no return of function occurs after 7.5 months (35). A recent 
careful report indicates that recovery of renal function to 20% of normal for one 
kidney, a GFR of 10 ml/min, occurred after relief of 3 months of complete unilateral 
ureteral obstruction (36). Using these three points in time (3 weeks, 3 months, and 
7.5 months), an approximation of the rate of nephron loss with persisting obstruc- 
tion can be obtained. The completeness of the obstruction and subsequent rise in 
intrarenal pressure is probably a critical factor, as well as the presence or absence 
of infection. More study of suitable human cases is obviously required. 


URINE ACIDIFICATION AND PHOSPHATE EXCRETION 


Impaired urine acidification, as indicated by inability to lower urine pH normally 
in response to acidemia, has been observed in patients after relief of unilateral (36, 
37), bilateral (38), or solitary-kidney (30) obstruction. In the presence of massive 
natriuresis, proximal bicarbonate-wasting renal tubular acidosis may be seen (30), 
but most studies suggest a form of distal. renal tubular acidosis. After relief of UUO 
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in the rat, urine pH and fractional bicarbonate excretion were higher from the 
postobstructive kidney, while micropuncture measurements indicated no impair- 
ment of bicarbonate reabsorption in the proximal or distal tubules of surface neph- 
rons (39). Walls et al (39) also found that tubular maximum (Tm) for bicarbonate 
studies showed no increased splay of the titration curves to suggest impaired reab- 
sorption in the deep nephrons. These results, together with low urine Pco, values 
after bicarbonate loading, localize the defect in hydrogen-ion secretion (or bicarbon- 
ate reabsorption) to the terminal nephron (collecting duct, distal tubule) of the 
postobstructive kidney, although an abnormality in juxtamedullary nephron func- 
tion cannot be excluded. The absence of defective acidification when postobstructive 
rats were acidemic (UUO given ammonium chloride, or BUO) suggests that de- 
creased hydrogen-ion secretion in the terminal nephron (distal renal tubular acido- 
sis) may only be seen when there is adequate bicarbonate delivery to this nephron 
segment. 

Phosphate excretion by the postobstructive kidney is markedly decreased after 
relief of 24-hr UUO, despite an increase in the fractional excretion of sodium (40). 
The decrease in phosphate excretion was not present after relief of BUO when the 
filtered phosphate load was much higher and was not due to the tubules being 
refractory to parathyroid hormone. Decreased phosphate excretion by the unilateral 
postobstructive kidney appears to be due to decreased filtered load, with normal or 
enhanced proximal tubular reabsorption, while the dissociation from sodium excre- 
tion is due to inhibition of sodium reabsorption in the distal nephron. 


URINE-CONCENTRATING DEFECT 


The partially obstructed kidney, as well as the postobstructive kidney, are character- 
ized by impairment of urinary-concentrating ability, which is out of proportion to 
the decrease in glomerular filtration rate. Nephrogenic diabetes insipidus has been 
well documented during partial obstruction (41) and POD is not responsive to 
vasopressin (6, 30). Unilateral ureteral obstruction for only 5 min with hydrostatic 
pressure of 100 mm Hg may cause reduced urine osmolality for several hours, in 
the absence of a persistent reduction in GFR and with no changes in electrolyte 
excretion (42), Urea and sodium concentration in medullary tissue are reduced and 
papillary water content is increased with brief periods of increased intrapelvic 
pressure (42, 43). 

The concentrating defect does not appear to result from washout of medullary 
interstitial solute by continued blood flow during the period of obstruction, since 
clamping the renal artery does not prevent development of the defect (42, 43). 
Medullary washout of solute by increased blood flow in the immediate postobstruc- 
tive period may be a significant factor but may not explain the defect in the partially 
obstructed kidney. The degree of increase in the intrapelvic pressure correlates with 
the concentrating defect (43), but how this effect is mediated remains unknown. 
Possible explanations include the removal of medullary solute by increased lymph 
flow, reduction in filtered sodium, or passive diffusion of solute out of the papilla 
into the pelvic urine. Sodium- and potassium-activated adenosine triphosphatase 
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(Na, K ATPase) is important in renal sodium reabsorption (44) and in concentrating 
capacity (45). Renal Na, K ATPase activity, which is highest in the outer medulla 
of the kidney (46), is decreased in the postobstructive kidney and correlates with 
changes in renal function (47). Finally, a striking abnormality in collecting-duct 
sodium and water transport has been demonstrated after relief of 24-hr complete 
obstruction in the rat, but the changes in the renal medulla that are responsible for 
these transport defects remain uncertain (18). 

During chronic obstruction, total and individual-nephron GFRs are reduced (25), 
causing decreased delivery of solute to the medulla. A disproportionate decrease in 
GFR of juxtamedullary nephrons (19), and structural alterations, including shorten- 
ing of the loops of Henle, vasa recta, and collecting ducts in the papilla, are undoubt- 
edly also important in the impaired urine-concentrating ability. 


CONCLUSION 


The effects of urinary-tract obstruction on renal function have been clarified using 
modern physiologic techniques in animal models. These effects are obviously depen- 
dent on thé severity and duration of ‘obstruction, together with the presence or 
absence of extrarenal factors, particularly uremia, as exemplified by the differences 
in renal function between bilateral and unilateral obstruction. The beneficial effects 
on the unilateral postobstructive kidney of volume expansion (5) and the importance 
of azotemia in determining POD (20, 21) have possible clinical applications. Further 
experimental work is required to understand the mechanisms responsible for the 
altered renal hemodynamics and decreased GFR, as well as the abnormalities in 
medullary function resulting from obstruction. Improvement in the management of 
this common clinical problem may then be forthcoming. 
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INTRODUCTION 


Collateral coronary arteries provide alternate routes for delivery of blood to myocar- 
dium distal to major coronary-artery obstructions. These channels may be extracar- 
diac, endomural, or arterioluminal in origin (1). One additional source of collateral 
myocardial blood flow is from deliberate attempts to surgically augment blood flow 
to ischemic regions of myocardium. Over the years these have included methods 
such as promotion of adhesion formation with inflammation and epicardial in- 
growth, direct intramyocardial tunneling of bleeding arterial vessels, and, most 
recently, the construction of aortocoronary interposition saphenous-vein bypass 
grafts. This review deals primarily with intercoronary collateral vessels, since these 
constitute the major and best studied class of naturally occurring collateral arteries. 
These arteries have an anatomic point of origin termed the “stem,” a mid-zone, and 
a reentry point. The presence, number, and transmural distribution of coronary 
collaterals appear to be- determined genetically for different species and perhaps 
differences in collateral density within a given species may also be a hereditary 
characteristic (2, 3). For example, dogs form extensive epicardial collaterals, while 
pigs have primarily a dense subendocardial network of collateral.arteries. In con- 
trast, collateral vessels in man have been demonstrated at every depth of myocar- 
dium, but subendocardial connections appear most numerous. Goats, however, do 
not generally form collateral vessels (4, 5). Gradual closure of a coronary artery in 
the canine model rarely results in myocardial infarction, but similar preparations 
in pigs invariably result in some degree of tissue necrosis. The same technique 
applied to a goat usually results in the death of the animal from massive myocardial 
necrosis (6). Although man may form abundant collateral channels, it is unpredicta- 
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ble whether these prevent myocardial infarction even when the rate of occlusion is 
gradual. Although early anatomists demonstrated the presence of collateral arteries 
in man, considerable controversy surrounded these observations, with Schlesinger 
stating that interarterial anastomoses in normal hearts were not greater than 
40 um in diameter when there was no accompanying coronary-artery disease (7). 
However, Spalteholz perfused normal coronary arteries and demonstrated inter- 
coronary anastomoses (8). Baroldi demonstrated these to exceed 100 um using 
injection techniques (8), and Bloor demonstrated collateral channels up to 80 um 
in diameter in hearts from infants (9). 

Thorough and adequate assessment of coronary collateral development has 
proven difficult. Studies in one species may not supply information germane to other 
species, and the best experimental models mimic poorly human coronary-artery 
disease. Individual differences within the same species render difficult interpretation 
of studies done on different animals prepared in a similar manner, but studied at 
different times. Several studies have examined collateral development in the same 
animal. Such studies have generally been limited to either physiologic monitoring 
of hemodynamic effects of collateral development or to anatomic investigation of 
collateral evolution without hemodynamic assessment. 


PHYSIOLOGIC MONITORING OF COLLATERAL 
DEVELOPMENT 


Physiologic monitoring of collateral development is assessed by retrograde flow in 
the obstructed vessel, washout of radioactive tracers from affected regions of myo- 
cardium, measurements of peripheral coronary pressures, coronary arteriography, 
and the myocardial distribution of tracer microspheres. These parameters of collat- 
eral evolution are compared with indicators of diminishing native coronary flow 
such as may be determined by flow probes, pressure gradients, and washout rates 
of proximally injected inert radioactive gases (10-14). When such studies are per- 
formed, a pattern of coronary collateral function development appears and is 
typified by Figure 1 from an elegant paper by Elliot and his co-workers. An ameroid 
constrictor, flow transducer, occluding snare, and intracoronary-pressure catheter 
were all positioned on the’ circumflex coronary artery of dogs that were studied at 
frequent intervals. As can be seen in the figure, on about the 20th day, when blood 
flow in the circumflex coronary artery had fallen to approximately half the control 
level, and when reactive hyperemia had been almost.abolished, mean peripheral 
circumflex pressure began rising. An aortic-circumflex pressure difference began 
increasing significantly. These observations indicated that collateral development 
began when peripheral vasodilatation was essentially maximal. As circumflex flow 
fell to zero over the ensuing 12 days, reactive hyperemia disappeared and the 
peripheral circumflex pressure rose to 70 mm Hg mean pressure and the aortic- 
circumflex pressure difference, which peaked at the 27th day, began to decline as 
collaterals provided more and more flow to the distal myocardium (14). Such 
observations have been repeated in a variety of other studies and generally yield 
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Figure 1 Sequential hemodynamic changes associated with gradual coronary occlusion in a 
dog.! Rise in peripheral coronary pressure occurred only after a pressure gradient existed 
across the circumflex obstruction despite significant circumflex flow reduction and distal 
coronary vasodilatation. 


similar information (15). Moreover, the collateral blood supply at the end of this 
time is distributed across the myocardial wall in a pattern similar to normal distribu- 
tion of coronary blood flow (16). 

In the special circumstance of acute coronary-artery ligation, although infarction 
occurs, collateral development progresses at a rapid rate such that by 24 hr following 
the occlusion, 80% of normal bicod-flow levels have been restored to the subepicar- 
dial region of the infarct zone as well as the periphery of this zone. The subendocar- 
dial region, however, retains only about 12% of its original flow without significant 
change in the first 24 hr following occlusion (17). In other studies, Khouri et al 
demonstrated that gradual occlusion of a coronary artery over a five-day period was 
associated with collateral development. When perfusion of the native coronary 
artery was reestablished for an hour’and then reoccluded, within one hour physi- 
ologic evidence of collateral function was as apparent as prior to the allowance of 
reflow. These studies demonstrated ‘clearly the persistence of potential collateral 
function and supported further the concept ‘of major anatomic development (18). 


‘Published by permission of the American Heart Association, from (14). 
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ANATOMY OF CORONARY COLLATERAL DEVELOPMENT 


Schaper examined in detail the anatomy of collateral-artery development (19). He 
demonstrated that development of coronary collaterals is an active process rather 
than simple passive stretching of preexisting channels and that this development 
could be divided into well-defined stages. The majority of developmental activity 
occurs in the mid-zone of preexisting collateral channels, this region generally 
representing the flow-limiting portion. Using ameroid constriction to produce grad- 
ual occlusion of the circumflex coronary artery, he examined multiple sections of 
collateral mid-zones at progressively increasing times from ameroid occlusion, The 
initial “transformation” stage of collateral development is acute dilatation and 
stretching in association with diminished flow through the native vessel. This dilata- 
tion and stretching is associated with rupture of the internal elastic lamina and 
thinning of the layer of smooth muscle cells. Perivascular inflammation occurs with 
blood-borne cells extruded from the capillaries into the surrounding myocardium 
occasionally accompanied by myocytolysis. Within one to two weeks after coronary 
occlusion, perivascular inflammation subsides and a proliferative stage begins with 
disorganized cell growth in the muscular wall layers and occasional mitoses in 
smooth muscle, epithelium, and fibroblasts. Six weeks after coronary occlusion, 
inflammatory changes diminish and smooth-muscle layering becomes more normal, 
regenerating an artery with both increased radius and wall thickness. Twelve 
months following coronary occlusion, vascular transformation and remodeling is 
complete, with the newly established collateral arteries resembling muscular arteries 
as much as 30 times the diameter of the original collateral from which they 
stemmed. 

Tritiated thymidine administered to such preparations causes maximal labeling 
of nuclei eight weeks following ameroid implantation or about six weeks after 
closure. This is illustrated in Figure 2, taken from a study by Schaper. This correlates 
well with an abrupt slope change in the curve relating internal diameter of collaterals 
to time after ameroid implantation. Although further increments in vessel diameter 
occur during the next six months, these are of lesser magnitude than the multifold 
increase occurring in the first eight weeks. 


STIMULI FOR COLLATERAL DEVELOPMENT 


The preceding section documents that development of immature collateral vessels 
is initiated by dilatation and stretching of mid-zone portions of preexisting collateral 
channels. Vascular injury ensues, with vascular transformation occurring under a 
set of stimuli that favor large vessel development. The actual forces for collateral 
development are divided into mechanical, chemical, and hereditary categories. Al- 
though hereditary factors may condition the quality and quantity of collateral 
development, the exact nature of this influence is not defined. Chemical stimuli 
appear to be most important in the early phases initiating vascular dilatation. These 
may involve mechanisms similar to those operative during normal coronary 
vasodilatation associated with hypoxia or might depend upon release of substances 
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‘Figure 2 Tritiated thymidine—labeled nuclei following circumflex ameroid placement.? Maxi- 
mal labeling occurs when organization of collateral vessels has followed a phase of disorga- 


nized proliferation. 


from chronically ischemic regions of myocardium. The exact nature of these sub- 
stances remains poorly defined, although mediators such as adenosine, hypoxia, 
Krebs-cycle intermediates, hyperosmolality, and potassium have all been implicated 
(20). The factors most easily discernible from physiologic monitoring are those 
related to altered physical forces in the capillary bed. Although flow velocity within 
collaterals, pressure gradients across the native coronary artery, and pressure inside 
the collateral vessels have all been suggested, the most likely factor is that of 
augmented wall stress and ‘tangential shear forces that are the consequence of 
vasodilatation, increased intraluminal pressure, and decreased wall thickness-to- 
radius ratios, all tending to increase tangential shear forces (21). 

The extent to which collaterals actively alter their internal radius in response to 
metabolic and hemodynamic events has not been fully elucidated. It is likely that 
in the early stages of collateral formation the vessels act primarily as maximally 
dilated passive conduits (19). Much later in the course of collateral development, 
probably at the time when smooth-muscle walls have been reorganized, collaterals 
may respond actively to’ vasoconstrictor and vasodilator influences. The effect of 
various drugs, autonomic influences, and hormones on collateral formation are still 


Published by permission of the American Heart Association, from Schaper, W., De- 
Brandes, M., Lewi, P. 1971. DNA synthesis and mitoses in coronary collateral vessels of the 
dog. Circ. Res. 29:145. 
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under active investigation. Autonomic innervation of collaterals is scanty, with both 
fewer norepinephrine-containing granules in the vessel walls and evidence for vessel- 
wall separation from sympathetic nerve endings, possibly the consequence of peri- 
vascular inflammation present in the early stages of collateral development (11, 22). 
Some preliminary investigations suggest that growth hormone may augment early 
collateral formation, whereas hydrocortisone may diminish collateral. formation, 
probably by interfering with the perivascular inflammatory response surrounding 
dilated vessels (9). Some evidence also exists that administration of nitrites, 
dipyridamole, or other strong vasodilators may increase collaterals; however, the 
complexity of relating findings in the literature with known stages of collateral 
development preclude a definitive conclusion at this time (19, 23, 24). Systemic 
hypoxia, anemia, and hypertrophy have all been associated with increased collateral 
formation (15, 25). 


COLLATERAL DEVELOPMENT IN MAN 


Specific examinations of the collateral circulation and its development in man are 
fraught with difficulties. Arteriographic visualization of collaterals provides little 
insight into dynamics of collateral flow. Collateral flow estimates, as currently 
performed, are at best determined by indirect means. Pressure measurements ob- 
tained at operation are plagued by hazards in interpretation, due to patient variabil- 
ity, degrees of proximal stenosis, and changing conditions at the time of 
measurement. The primary unresolved question for man is whether or not the 
presence of a significant collateral circulation ensures protection of the myocardium 
from future ischemic events or whether: such collateral development is primarily a 
marker of severe ischemic:disease. Conflicting evidence is present as to whether 
patients with collaterals have:greater or lesser degrees of functional capacity and 
longevity, as do-patients with.similar proximal obstructions but lesser collateral 
development. Clearly, collateral development increases progressively with increas- 
ing severity of coronary-artery occlusion, being greatest in patients with three-vessel 
disease and least in patients with single-vessel disease. In instances where aortocoro- 
nary saphenous-vein bypass grafts have been performed, and patients studied at later 
dates, data similar to that obtained. by, Elliot in dogs has been obtained regarding 
regression and reappearance of these collaterals. For patients with well-developed 
collateral circulations prior to bypass grafting, and with subsequent patent bypass 
grafts, these collaterals have not been demonstrated on subsequent angiography. On 
the other hand, in some of these same patients with subsequently occluded grafts, 
the collateral circulation has again been seen to be well visualized on arteriography 
(26, 27). Collateral development must be studied during periods of hemodynamic 
stress in order to fully assess its adequacy as a myocardial protective factor. In 
experimental animals with norma! transmural coronary blood-flow distribution 
from collaterals to a region of obstructed circumflex coronary artery, infusion of 
norepinephrine resulted in significantly less increase of flow to regions of myocar- 
dium supplied by collaterals than to normal myocardium. When bypass grafts were 
placed distal to the ameroid obstruction, normal flow responses to norepinephrine 
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infusion occurred (28). In parallel observations in man, when myocardial con- 
tractility was monitored, in the resting state no difference in function was seen when 
acutely placed bypass grafts were occluded or allowed to remain open. However, 
during norepinephrine infusion, marked increases in contractility occurred when 
bypass grafts were opened (29). 

Future investigations must be concerned with methods for enhancing collateral 
formation, more attention to studies in subhuman primates, and the evolution of 
techniques allowing dynamic determination of collateral flow in man. 
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URATE EXCRETION #7248 


George M. Fanelli, Jr., Ph.D. 
The Merck Institute for Therapeutic Research, West Point, Pennsylvania 19486 


INTRODUCTION 


The renal handling of urate from both the physiologic and pharmacologic aspects, 
coupled with pathophysiologic implications, has generated new interest among 
some clinicians and basic scientists since the classic studies that emanated from the 
laboratory of the late Alexander B. Gutman. For very comprehensive reviews with 
reference to historical, comparative physiologic, pharmacologic, and therapeutic 
approaches, the reader should consult especially those of Emmerson (1), Gutman 
& Yü (2), Mudge, Berndt & Valtin (3), Steele & Rieselbach (4), Weiner & Fanelli 
(5, 6), Weiner & Mudge (7), Wesson (8), and Fanelli (9). Another review paper (10) 
deals exclusively with renal urate transport in nonhuman primates. 

Gutman & Yü (11) in 1961 first put forth the now classic three-component system 
for urate excretion consisting of (a) complete ultrafilterability at the glomerulus, 
(b) subsequent tubular reabsorption, and (c) tubular secretion. Thus, uric acid 
appearing in the final urine represents a combination of the secreted fraction with 
that which may have escaped tubular reabsorption. Our current knowledge (5) of 
urate transport may be summarized as follows: 


1. Most of urate reabsorption occurs in the proximal convoluted tubule. 

2. Uricosuric agents act by depressing proximal reabsorption of urate. 

3. Drugs that depress urate reabsorption act from the luminal (urine side) aspect 
of the tubule. : 

. Urate is secreted in the proximal tubule. 

. The secretory flux for urate (and consequently the reabsorptive fux) i is large. 

. A variety of compounds, uricosuric or not, inhibit the secretory flux. 

. The urate secretory mechanism is probably different from the p-aminohippurate 

mechanism. 

8. Some agents that influence urate excretion are themselves secreted and reab- 
sorbed by active transport. 

9. A drug subject to bidirectional active transport may have bidirectional effects on 
urate transport. 
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This review does not include any aspects of gout or other disease states involving 
urate metabolism, as these conditions have been adequately dealt with elsewhere 
(12-15). It does, however, deal with uricosuric drugs, some of which are new, and 
other agents that influence urate excretion primarily in man. 


URICOSURIC AGENTS 


By definition, a uricosuric agent is one that increases the urinary excretion of uric 
acid. Clearly the most definitive treatment of this subject up to 1966 was that 
provided by Gutman (16). More recent but less exhaustive reviews (17, 18) have also 
appeared. Certain other agents such as salicylate and the antituberculous drug, 
pyrazinamide, or more correctly, its free acid (19) pyrazinoate (PZA) can induce 
urate retention or frank uricosuria when administered at low and high doses, respec- 
tively (20). 

With salicylate this effect was first described by Yii & Gutman (21) and subse- 
quently studied in detail by them (22). The use of salicylate for long-term therapy 
for gout is not feasible, due to numerous side effects noted with the high doses 
necessary for a uricosuric effect. For studies in man (23, 24), pyrazinamide is given, 
rather than the free acid, which is not an official preparation. 

More than 25 years since its introduction, probenecid (Benemid®) continues to 
be of clinical utility (15) as a very effective uricosuric drug. Similarly, sulfinpyrazone 
(Anturan®), introduced in 1957, is a potent uricosuric agent for the treatment of 
gout. The latter two agents produce a similar incidence of gastric upset and not 
infrequently one is substituted for the other, depending upon individual require- - 
ments. l 

Two benzofuran derivatives, benziodarone and benzbromarone, have been devel- 
oped in Europe. The former, used originally as a long-acting coronary vasodilator, 
was found to reduce serum urate and was therefore also uricosuric (25, 26). Benz- 
bromarone, the newer analog, was reported to be a longer-acting uricosuric agent 
at relatively low oral doses in both normal and gouty subjects (27). More recently, 
Sorensen & Levinson (28), in an extensive study of benzbromarone lasting up to one 
year, reported that daily doses of 40-80 mg caused a rapid fall in plasma urate 
together with a concomitant marked increase in urate clearance. Benzbromarone 
also did not inhibit xanthine oxidase in this study, thus confirming earlier studies 
by Delbarre et al (25), and had no direct effect upon purine metabolic pathways but 
exerted its uricosuric. action solely by inhibiting tubular reabsorption of urate. 

The forementioned agents are all weak organic acids, but probably the most 
potent uricosuric drug was the weak base zoxazolamine (Flexin®) introduced in 
1956 as a muscle relaxant. Burns and co-workers (29), while studying its metabolic 
disposition, fortuitously found it to be markedly uricosuric. They also noted that 
the principal metabolite, hydroxyzoxazolamine, was inactive as a uricosuric com- 
pound. Maroske & Weiner (30) conclusively indicated that zoxazolamine was not 
uricosuric in the dog. The lack of uricosuric activity in the dog is an example of 
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fundamental differences in the urate transport systems that occur in the various 
species. 


Species Differences Regarding Uricosuric Activity 


Studies in this laboratory (31-33) directed specifically at uncovering why species 
differences are so common with respect to the magnitude and sensitivity to drugs 
of the renal urate-transport mechanisms have been performed employing a great-ape 
species, the chimpanzee. This species, like man, is devoid of the oxidative enzyme 
uricase, and its renal handling of urate is very similar to that of man. Also, zoxazola- 
mine is extremely active as a uricosuric agent in the chimpanzee (32). It was 
ascertained that known uricosuric drugs in man were active in the chimpanzee and, 
more importantly, that the organomercurial diuretic mersaly] (Salyrgan®) readily 
produced net urate secretion, i.e. clearance ratios of urate-to-inulin (C urate/ Cin) Were 
uniformly greater than unity (33). Efforts to duplicate the mersalyl. results in man 
failed to show net urate secretion, but there was a marked uricosuric effect in that 
the maximal C,,,:¢/C;, rose from a control value of less than.0.10 to approximately 
0.50 (34). Taken in their entirety, it was concluded that the chimpanzee was a 
hyperresponder and man a hyporesponder to uricosuric drugs. 

It should be remembered that up to 1975 all uricosuric agents were discovered 
in man only by chance. 


New Agents Possessing Both Uricosuric and Diuretic Activity 


A saluretic-uricosuric agent, (6, 7-dichloro-2-methyl-1-oxo-2-pheny]-5-indanyl- 
oxy)acetic acid, or MK-196, was found to be orally active at low doses in the 
chimpanzee by Fanelli et al (35). Probenecid did not appear to influence this dual 
action of MK-196. Mersalyl-induced net urate secretion was blocked by MK-196, 
indicating that MK-196, in addition to inhibiting the tubular reabsorption of urate, 
also limited its tubular secretory flux. The efficacy of this new agent was not 
compromised by changes in urinary pH. On a dosage-dependent basis, MK-196 was 
more saluretic (and uricosuric) than ethacrynic acid (Edecrin®) or furosemide 
(Lasix®) and possessed a longer duration of action. 

Another uricosuric-diuretic compound [2, 3-dichloro-4-(2-thienylcarbonyl) phe- 
noxylacetic acid, known as SKF-62698 or ticrynafen, has been reported to be active 
in man, although at higher doses than are required for MK-196 (36, 37). It is also 
quite active as a uricosuric agent in the chimpanzee, but is only weakly natriuretic 
(unpublished observations). Reese & Steele (38) studied the effects of SKF-62698 
on renal urate handling in normal subjects for two weeks in which plasma urate 
declined by more than 60%. Utilizing the pyrazinamide-suppression test, their 
results suggested that the excretion of secreted urate was enhanced after 2-week 
administration and reasoned that this was probably secondary to the inhibition of 
postsecretory urate reabsorption. SK F-62698 may well find a place in the treatment 
of diuretic-induced hyperuricemia but it may possibly, over longer periods of time, 
enhance the frequency of urolithiasis, since it produces very low levels of plasma 
urate. This would suggest that the proportion of total urate excreted in the urine 
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increases as the plasma urate decreases. In other words, the fraction of daily urate 
production that is degraded in the intestine would decrease as the plasma concentra- 
tion is reduced. Also, the potent uricosuric action of SKF-62698 in clinical doses 
could possibly leave a patient without adequate protection against excesses of die- 
tary purines. Both factors would predispose to urolithiasis, not only the formation 
of uric acid stones, but also of calcium oxalate stones. 


Other Uricosuric Agents in Man 


Other agents that are uricosuric in man are halofenate (39-41) and the hypo- 
glycemic sulfonylurea acetohexamide (or its metabolic product) reported by Yii, 
Burger & Gutman (42). The latter produced a modest uricosuria in gouty subjects 
with coexisting diabetes; acetohexamide was also uricosuric in the chimpanzee at 
comparable oral doses (unpublished data). ~ 

Various other drugs that are neither organic acids nor structurally related, such 
as outdated tetracycline (43), the tranquilizing agent chlorprothixene (44), and 
zoxazolamine, are uricosuric—possibly the result of some nonspecific disruption of 
urate reabsorption in the proximal tubule, although this tentative explanation may 
not apply to zoxazolamine. 

Two anticholinergic agents, glycopyrrolate and tridihexethyl chloride, were noted 
to produce a slight increase in fractional uric-acid excretion in some hyperuricemic 
subjects but not in normouricemics (45). An expectorant, glyceryl guaicolate, had 
a mild uricosuric action in some gouty patients (46). It should also be noted that 
ethambutol, the antituberculous agent, caused hyperuricemia in some tuberculosis 
patients, together with a mean decrease in urate clearance of 22% relative to 
glomerular filtration rate. The mechanism of action of ethambutol seems to differ 
in one or more respects from pyrazinamide, diuretics, and ethanol, which also show 
a similar net reduction in urate clearance (47). 

These nonspecific agents increase urate excretion by some as yet unknown means 
and are in all probability unrelated to the mechanisms of action of the organic acids, 
which have received considerably greater study. It must be stressed that none of the 
above agents are used as primary uricosuric drugs. 


CONCLUSION 


This review makes no attempt at being definitive; rather, a more general approach 
has been taken. Other reviews cited in the literature, taken together, present a more 
cogent picture of our current knowledge of all phases of renal urate excretion 
including historical background; physiology and pharmacology of urate transport 
in man, the nonhuman primates, and common laboratory animals; and current 
therapeutic regimens for gout and other pathologic states that alter urate excre- 
tion. 

Many significant advances in our knowledge of urate excretion and uricosuric 
agents have been brought about by numerous workers over the years. It is hoped 
that similar advances and better therapeutic drugs will emerge in the years to come. 
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INTRODUCTION 


Because of a long association with mastitis in dairy cattle, the group B streptococcus 
(Streptococcus agalactiae) is an agent of considerable veterinary and economic 
importance (1). However, it has achieved medical prominence only within the past 
15 years. Since 1962, well over 500 instances of group B streptococcal sepsis? in 
newborn infants have been reported and many other cases, less stringently docu- 
mented, have been described. In the United States, this organism is now the leading 
cause of serious bacterial infections in newborns (2-5) or at least shares this distinc- 
tion with Escherichia coli (2). The incidence of group B streptococcal sepsis in 
several American and British centers has been estimated at between 1.3 and 3 per 
1,000 live births (2, 6-9). 

This chapter emphasizes clinical and relevant microbiological and epidemiologi- 
cal aspects of newborn streptococcal infections. The more general subject of human 
disease related to group B streptococci was reviewed by Eickhoff in 1972 (10). 


HISTORICAL PERSPECTIVE 


It is unknown whether the recent proliferation of reports of newborn streptococcal 
infections represents an actual increase in disease incidence and/or more accurate 
diagnosis. Although overshadowed as a neonatal pathogen in the earlier years by 
the group’ A streptococcus (11), group B was documented in several cases of sepsis 
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between 1930 and 1960 (12, 13). In other reports compiled in the later years of this 
period, beta-hemolytic streptococci were isolated from septic infants but were not 
classified serologically (14, 15). 

Group B streptococci have clearly been prevalent in humans for several decades, 
as components of the resident bacterial flora and as occasional agents of lethal or 
life-threatening infection. In 1935, Lancefield & Hare isolated them from the vaginal 
swabs of 4% of postpartum patients (16). It is striking that 18 cases of group B 
streptococcal sepsis in postpartum and postabortal females were reported in the 
decade prior to 1945 (12, 17-27), while a similar number have appeared in the years 
since (6, 28-35). Hence, one cannot easily document or explain the apparent recent 
increase in newborn streptococcal infections. 


CHARACTERISTICS OF NEWBORN INFECTIONS 


Although other authors had described group B streptococcal sepsis in the early 
hours and days of life (6) or several weeks later (36), the separate syndromes of 
“early” or “acute” infection and of “late” or “delayed” infection were first delin- 
eated in 1973 by Baker et al (37) and by Franciosi, Knostman & Zimmerman (7). 
Individual series have suggested a clear separation between the early and late 
syndromes by age of onset of symptoms, e.g. 48 hr (7) or 10 days (37), but Figure 
1, which summarizes the data from 268 reported cases (4, 6, 34, 36-49; B. F. 
Anthony, D. M. Okada, unpublished observations), indicates a continuum. About 
40% of all newborn streptococcal infections begin in the first 24 hr and about 70% 
in the first three days of life. There is a sharp fall in the number of cases early in 
the first week and a more gradual decline over the next three months. The group 
B streptocococci are rarely associated with serious disease in older infants and 
children (50, 51) and do not play a significant role in acute pharyngitis (52). 

The principal features of the early and late syndromes are summarized in Table 
1. In several series, early infection is associated with a significant incidence of 
premature birth (4, 7-9, 43, 46, 47, 53), rupture of membranes for over 24 hr before 
delivery (4-6, 8, 9, 53), and maternal fever and other signs of postpartum infection 
(6, 40, 46, 54). However, the early syndrome is also common in full-term infants 
in the absence of these obstetrical abnormalities. Conversely, although these abnor- 
malities are not associated with late infection, this syndrome has been repeatedly 
observed in premature infants after several weeks of well-being and stability (34, 36, 
55, 56). 

In early and late infection, bacteremia is common and potentially fatal. A few 
infants, however, have apparently tolerated bacteremia without treatment for peri- 
ods of 24 hr or more (2, 57). Many expressions of disease are of hematogenous 
origin, the most frequent being meningitis, which occurs in about 75% of infants 
with delayed disease and in approximately 30% of early infections (4, 6, 34, 36, 
38-40, 42-46, 58; B. F. Anthony, D. M. Okada, unpublished observations). This 
resembles other forms of neonatal bacterial meningitis in clinical and spinal-fluid 
findings. However, group B streptococci have been isolated from cerebrospinal fluid 
in the absence of pleocytosis or necropsy evidence of meningitis (7, 46, 59). Al- 
though group B streptococci are more readily eradicated by antibiotic therapy from 
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Figure! Age of first signs of group B streptococcal sepsis in 268 cases reported between 1962 
and 1976, where the time of onset was specified. Series of three or less infants were excluded 
from this analysis. 


the spinal fluid than Æ. coli and other gram-negative organisms (60), available data 
suggest that the prognosis of streptococcal meningitis may be as poor for immediate 
survival (2) and long-term sequelae (41, 59, 61). Diabetes insipidus has been a 
complication in several infants (62, 63; B. F. Anthony, D. M. Okada, unpublished 
observations). 

Pulmonary disease is an interesting and poorly understood feature of streptococ- 
cal sepsis. Apparently rare in the delayed syndrome, it is diagnosed by X rays or 
necropsy in about 38% of early cases (4, 6, 34, 36, 38-40, 42-46, 53, 58; B. F. 
Anthony, D.M. Okada, unpublished observations). Acute respiratory distress is 
even more common as a Clinical manifestation (4, 5, 7, 9, 37, 40, 43, 45). Histopatho- 
logical descriptions of the pulmonary disease have not been uniform. Hyaline mem- 
branes have been prominent in several reports (46, 48, 53, 64), but not in one (7). 
The degree of pulmonary inflammatory response has ranged from insignificant (64) 
to moderate (7, 48, 53), and was variable in one series (46). A common finding has 
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been the presence of large numbers of streptococci in the air spaces and interstitium 
of the lung. (7, 48, 53, 64). The rapidly fatal course common in the pulmonary 
syndrome may be due in part to massive bacterial invasion from these sites. The 
clinical and-radiological differentiation between streptococcal pulmonary disease 
and the respiratory distress syndrome of prematurity is very difficult, but certain 
clinical and radiological findings (48, 49, 53) and the development of respiratory 
distress in a relatively mature infant may provide clues in recognizing streptococcal 
infection. 


Table 1 Characteristics of early and late newborn infections caused by group B strepto- 
coccus 











Early infection Late infection 
Incidence of prematurity increased not increased 
Incidence of perinatal abnormalities? increased not increased 
Common manifestations? bacteremia bacteremia 
meningitis (30%) meningitis (75%) 
pulmonary disease (38%) 
Mortality rate? 55% 23% 


a Prolonged rupture of membranes (>24 hours before birth) and maternal fever and other 
signs of infection. 

>The incidence of meningitis and pulmonary disease and mortality rates were calculated 
from reports appearing between 1962 and 1976, which provided such information. Re- 
ports of three or less cases were excluded from this analysis, as were papers that specif- 
ically emphasized meningitis, pulmonary disease, or autopsy findings. 


Other sites and manifestations of newborn streptococcal infection are remarkably 
varied. Hemorrhagic phenomena, possibly due to disseminated intravascular coagu- 
lation, have been described in several fatal infections (4, 43, 46). Pyarthrosis has 
been observed in a number of infants (2, 29, 34). Other unusual manifestations have 

-included conjunctivitis (2), empyema (2, 38), endocarditis (39, 66), hematogenous 
endophthalmitis.(G. R. Greene, personal communication), ethmoiditis (2), omphali- 
tis (6, 67), osteomyelitis (2, 68), otitis media (69), pericarditis (70), peritonitis (66, 
71), and both purulent and serous subdural effusions (62, B. F. Anthony, D. M. 
Okada, unpublished observations). Cutaneous lesions are rare, but have been at- 
tributed to the group B streptococci (2, 65). 

The overall fatality rate for group B streptococcal sepsis in the newborn is 44%, 
based upon a compilation of 583 cases (2, 4, 5-7, 9, 29, 34, 36, 38-47, 53, 54, 58, 
61, 72-74; B. F. Anthony, D. M. Okada, unpublished observations). It is signifi- 
cantly higher in early infection (55%) than in delayed sepsis (23%). The underlying 
condition of the infant has a strong influence on the mortality associated with 
streptococcal sepsis, which is particularly high in premature infants (46, 53). 
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MICROBIOLOGY 
Diagnosis 


Although definitive serological identification is available in reference laboratories 
and some hospitals, group B streptococci are commonly reported as “beta-hemolytic 
streptococcus, not group A.” The distinction from group A is usually based upon 
a lack of inhibition by bacitracin discs and is not absolute, since 6-13% of group 
B strains are sensitive (44, 75). Other presumptive tests include the very reliable 
hippuricase-broth assay (75) and the CAMP reaction (76), which can be adapted for 
detecting nonhemolytic strains (77). The typical group B streptococcus is known to 
laboratory workers by its characteristic colony and narrow zone of weak hemolysis. 
However, some human isolates are completely nonhemolytic, a common finding 
with bovine strains (29, 78). In prenatal patients at Harbor General Hospital, 5-6% 
of group B strains are nonhemolytic (R. M. Rosenblatt, B. F. Anthony, D. M. 
Okada, unpublished observations). Nonhemolytic group B streptococci can be fully 
virulent and have been isolated from a number of septic infants (34, 79, 80). 


Antibiotics 


Group B streptococci resemble most other hemolytic streptococci in antibiotic 
profile (6, 34, 81, 82). To date, they have been uniformly sensitive to penicillin G, 
ampicillin, and other semisynthetic penicillins, but significantly higher penicillin 
levels are required against group B than group A streptococci. Since therapy of 
neonatal infections is commonly initiated with a penicillin and an aminoglycoside, 
it is of interest that group B streptococci are sensitive in vitro to the synergistic 
action of certain combinations and concentrations of these drugs (83, 84). It is 
unknown whether in vivo synergism occurs in the cerebrospinal and other body 
fluids of septic infants receiving antibiotic therapy. 


Significance of Serotypes 


The classification of most human isolates of group B streptococci into five serotypes 
(Ia, Ib, Ic, II, and III) is a valuable epidemiological tool and may be the basis for 
immunity in humans, as it is in laboratory animals. Specific associations between 
serotype and human virulence should be viewed cautiously, since all five types have 
been isolated from septic infants and since the prevalance of serotypes may shift with 
time and place. Type Ia was the most frequent isolate from a group of septic 
newborns in Holland (29) and types Ia, Ib, and Ic were most common in more recent 
reports from Colorado (7) and from India (47). It is of interest that the same 
distribution of serotypes was found in the maternal populations as in septic infants 
in two of the above reports (7, 29) and that type Ia was the most common serotype 
among a variety of human isolates at the Boston City Hospital 15 years ago (6). In 
the United States, type III is currently the leading serotype in both early and late 
newborn infections, type II is next, and types Ia, Ib, and Ic are least common (34, 
58, 85). Since types II and III have been recently found to occur in similar propor- 
tions among healthy infants and their mothers (58, 86, 87), the data of Wilkinson, 
Facklam & Wortham (85) and Baker & Barrett (58) suggest that type III may indeed 
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possess virulence out of proportion to its general prevalence. Figure 2 summarizes 
the experience at Harbor General Hospital. The serotype distribution from this 
small series of septic infants appears to reflect the serotypes isolated from the cords 
and mucous membranes of well newborns and from genital cultures of their mothers 
and is consistent with the possibility of increased virulence among type ITI strains. 


Immunity 


The nature of immunity against group B streptococci in experimental animals has 
been well defined, principally by Lancefield and associates. Serum from immunized 
rabbits is protective through the opsonization of streptococci and the activity is 
largely type-specific (88-90). Each of types Ia, Ib, and Ic contains either two or three 
antigens known to be shared among these serotypes (89, 91); anny to any one 
may be opsonic and protective (89, 92). 

Knowledge of human immunity is fragmentary. Although cal laboratories 
have described opsonic activity in human serum against group B streptococci (90, 
93, 94), further studies with precise, reproducible methodology are needed to define 
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Figure2 Distribution of group B serotypes isolated at Harbor General Hospital from healthy 
pregnant women (rop) and their newborn infants (middle), and from a group of septic infants 
(bottom). 


GROUP B STREPTOCOCCI IN NEWBORN INFECTIONS 361 


immunity in adults and infants. Important preliminary observations have been made 
by Baker and associates, who have demonstrated serum binding of an antigen with 
both type IJI and group B determinants in pregnant women who were colonized 
with type HI, but whose newborn infants remained well; there was no binding by 
sera of infants with type III sepsis or of their mothers (95, 96). Using a chemilu- 
minescence assay for phagocytosis, Hemming, Hall & Hill have reported a lack of 
opsonic activity against the infecting serotype in the sera of septic newborns and 
their mothers (97). These studies suggest that immunological methods may be used 
to identify mothers and infants at increased risk of newborn streptococcal infection. 


EPIDEMIOLOGY 
Adults 


The principal human reservoir of the group B streptococcus is considered to be the 
female genital tract. Group B streptococci have been isolated from 4-25% of preg- 
nant and parturient women cultured on one occasion (7-9, 16, 44, 86, 87, 98-105). 
The proportion of women identified as carriers can be doubled with repeated cul- 
tures (86-87). Rates of isolation from throat culture in the same subjects have been 
substantially lower (1-5%) (7, 8, 86, 106). Isolation rates from the female genital 
tract are significantly higher with selective broth than with direct inoculation of 
blood agar (103, 106, 107) and higher from vulvar and anterior vaginal swabs. than 
from direct cervical swabs, in both the pregnant (44, 86, 99, 104, 108) and nonpreg- 
nant states (107, 109, 110). Group B streptococci are said to be more frequent in 
rectal than in vaginal cultures of pregnant women (111); it is unknown whether 
isolations from the rectum reflect transfer from the perineum or the gastrointestinal 
flora. Group B streptococci were not identified in the stools of pregnant women in 
one earlier report (112), but were recovered from 5.5% of human fecal samples in 
another (113). 

Many reported differences in prevalence rates can be attributed to variables in 
culture methods, as described above. As suggested in a recent study (103), there may 
be true variations in prevalence between different communities and populations. 
However, relationships between streptococcal prevalence and age, parity, hygiene, 
birth-control -practices, and socioeconomic status are largely unexplored. Sugges- 
tions of a lower incidence of group B streptococcal sepsis in black infants (4, 37, 
43), but of higher rates of vaginal streptococci in black pregnant women (87) 
warrant further evaluation in a single population. With the exception of one report 
(106), there appear to be no significant variations among ‘different stages of preg- 
nancy, labor, or the postpartum period (7, 86, 87; C. J. Baker, personal communica- 
tion). Strictly comparative data on pregnant and nonpregnant females are not 
available, but group B streptococci appear to be common in both states (7, 8, 87, 
103, 107, 109, 110, 114). > ; 

Most data on carriage of group B streptococci in the birth canal are prevalence 
rates based upon one point in time and there is unfortunately little information from 
repeated or long-range observations. The authors have identifed some women in 
whom the same group B serotype is consistently isolated throughout pregnancy and 
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others in whom carriage appears to be transient (86). Bergqvist and associates have 
isolated group B streptococci from a small group of women four years after they 
were identified as carriers during pregnancy (114). 

Group B streptococci have been isolated at widely varying rates (2.5-45%) from 
urethral cultures of adult males (7, 103, 107, 109). These isolations suggest that 
venereal transmission may be significant. However, Wallin & Forsgren could dem- 
onstrate no relationship between the genital carriage of group B streptococci and 
signs of infection or sexual promiscuity in male or female patients attending a 
venereal-disease clinic (107). Similarly, Baker and colleagues showed that preva- 
lence of group B streptococci in a group of college women was unrelated to history 
of sexual activity (115). 


Infants 


The onset of symptoms in the first hours of life, the prevalence of group B strep- 
tococci in the birth canal, the postpartum isolation of these bacteria from the 
mothers of septic infants (4, 40, 43, 44) and the identity of maternal and infant 
serotypes (7) point to a maternal source for most early infections. The epidemiology 
of delayed infections may be more complex. Positive postpartum cultures in a 
number of late cases (7, 40, 43, 44) have been consistent with transmission from the 
mother. Negative vaginal cultures at the time of the infant’s illness (4, 7, 116) do 
not exclude a maternal origin, since spontaneous loss of streptococci during preg- 
nancy or after delivery is not unusual (86, 104). The occurrence of newborn infec- 
tions in clusters of two or three has suggested nosocomial spread of group B 
streptococci (116-118), a possibility supported by considerable indirect evidence in 
one. such outbreak (116). However, any connection among cases was effectively 
ruled out by serotyping in another (119). Aber and his colleagues have documented 
a case of delayed sepsis in which prospective observations appear to have excluded 
transmission from the mother (87) and several studies leave little doubt that healthy 
infants may acquire group B streptococci from other sources. 

Simultaneous studies of infant-mother populations indicate similar prevalence 
rates (8, 29, 87, 98). Higher rates are found when multiple sites in the infant are 
examined. Group B streptococci are more commonly isolated from cord, external 
ear, and rectum than from throat swabs (7, 8, 111). Prospective observations have 
demonstrated that when group B streptococci are isolated from the birth canal at 
delivery, they may be acquired by 58-72% of the infants (8, 86, 87, 101). Conversely, 
a substantial but smaller proportion (10-25%) of newborns of culture-negative 
mothers acquire group B streptococci in the first week of life (8, 86, 87) and infants 
of carrier mothers sometimes acquire a different serotype of group B (B. F. An- 
thony, D. M. Okada, unpublished observations). Consequently, almost one half of. 
neonatal acquisitions in the first week appear unrelated to the mother (86, 87) and 
are presumed to be nosocomial in origin. The frequency with which young infants 
may acquire group B streptococci in the home environment is unknown. 

Newborn streptococcal acquisitions from the mother are presumed to occur 
usually during the birth process. An important exception is infection in utero after 
the membranes have been ruptured for a significant period; an inverse relationship 
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has been demonstrated between the interval from membrane rupture to delivery and 
the age of onset of symptoms of early sepsis (4). Group B streptococcal infections 
have also been documented in infants delivered by cesarian section with visibly 
intact membranes (6, 74, B. F. Anthony, D. M. Okada, unpublished observations). 


Antibiotic Prophylaxis 


Antibiotic treatment of the mother has been proposed, with the goal of eradicating 
group B streptococci from the birth canal, thereby preventing colonization and 
sepsis in the newborn. Preliminary, uncontrolled observations in a group of first- and 
second-trimester pregnancies were encouraging (7), but the recent observations of 
Hall and his colleagues indicate limitations to this approach. One half of approxi- 
mately 60 women identified as carriers in the third trimester were given ampicillin 
orally for seven days; three weeks later, the number with demonstrable group B 
streptococci was significantly less than among untreated subjects. At delivery, how- 
ever, the proportions of colonized women and infants were similar in treatment and 
control groups (104). Thus, antibiotic therapy may eradicate or suppress group B 
streptococci in the birth canal, but the effect is temporary and the streptococcus can 
often be expected to reappear. Data on the antibiotic eradication of group B strep- 
tococci from superficial body sites in the newborn are more limited, but suggest that 
intramuscular benzathine penicillin and oral penicillin V are relatively ineffective 
(116) and that even more intensive penicillin therapy in infants (receiving successful 
treatment for sepsis) does not consistently eliminate streptococci from the throat, 
umbilicus, and rectum (120): Whether these penicillin “failures” in women and 
infants represent regrowth of persisting streptococci or reinfection from an exoge- 
nous source, they may be relevant to the unusual Second attacks of streptococcal 
sepsis described in infants who have responded to therapy for an earlier infection 
(4, 121-123). 


PROSPECTS FOR PREVENTION 


The extent and severity of newborn infections with group B streptococci are well 
documented and widely recognized. The survival rates cited here were observed in 
the last 15 years and there is little prospect for significant improvement with current 
or anticipated methods of treatment. Unfortunately, the-formulation of effective 
preventive measures is limited by our ignorance of the natural history, epidemi- 
ology, and immunology of group B streptococcal colonization and disease. 

The tacit simplicity of a streptococcal culture and the demonstrated significance 
of maternal streptococci in the more severe and more common early syndrome are 
formidable arguments for routine prenatal screening for group B streptococci. How- 
ever, a number of serious, unresolved questions prevent standardization and evalu- 
ation of this approach. These include the determination of the optimal time(s) in 
pregnancy for surveillance, the selection of maternal body site(s) to be sampled, the 
choice of laboratory techniques that are appropriately sensitive and widely practical, 
the reliability of antepartum cultures in predicting the presence or absence of group 
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B streptococci at delivery, and, most significantly, the establishment of reasonable 
and effective management of the carrier-mother and her infant. 

The limitations of antibiotic prophylaxis that have been described to date should 
not preclude additional trials of penicillin and possibly of other drugs. Evaluation 
of prophylaxis in the adult female must reckon with the questions of venereal spread, 
of the male as an infectious reservoir of the organism, and of whether treatment of 
both sexual partners may effectively eradicate the group B streptococcus. Antibiotic 
therapy of the mother during labor or of the infant from the moment of birth, before 
bacterial growth and colonization, may conceivably interrupt mother-to-infant 
transmission, but such measures have not been carefully evaluated. 

On the basis of comparisons between rates of disease incidence and of group B 
streptococcal colonization within newborn populations, it has been estimated that 
for every infant who develops streptococcal sepsis, approximately 100 colonized 
infants can be identified (8, B. F. Anthony, D. M. Okada, unpublished observations), 
Thus, if a chemoprophylactic regimen were proven to be effective, the present state 
of understanding would require its application to large numbers of colonized but 
otherwise healthy women and/or their infants. 

Problems that can be anticipated in the development of a bacterial vaccine for 
administration during pregnancy and the childbearing years, as well as uncertainties 
in the selection of antigen(s) and in the prediction of prevalent serotypes, suggest 
that the prospects for active immunization against group B streptococci are more 
remote, but additional studies are needed. 

The group B streptococci are uniquely and inexplicably virulent for infants in the 
perinatal period of life. The characteristic age distribution of group B streptococcal 
disease (Figure 1) is in contrast to the older age distribution of infections due to 
Hemophilus influenzae type B and Neisseria meningitidis, in which the presence or 
absence of protective antibody appears to be the principal determinant of disease 
(124, 125). It is possible that immunity is one of several. determinants of group B 
streptococcal sepsis and that immunological studies can be used to identify pregnan- 
cies with an increased risk of newborn infection. Much more needs to be Jearned 
about the origins, prevalence, protective mechanisms, duration, placental transfer, 
and particularly the relationships of immunity to maternal colonization and new- 
born infection; prenatal testing for group B streptococcal immunity might then be 
used to select susceptible pregnant women and their infants for special monitoring 
and preventive measures. 
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‘INTRODUCTION 


Transient bacteremia is recognized as a fundamental event in the pathogenesis of 
bacterial endocarditis (1). The causative organisms usually enter the circulation 
from the oropharynx, but other portals of entry, such as the skin and the respiratory, 
genitourinary, and gastrointestinal tracts, are well documented. Although infective 
endocarditis (IE) occurs in patients without evident preexisting heart disease, the 
majority of cases occur.in:patients with.rheumatic, congenital, or other cardiovascu- 
lar diseases (2,.3). The temporal’association of IE with a variety of circumstances 
and procedures known to produce transient bacteremia, and the identification of a 
population at risk, -have provided the rationale for the administration of antibiotics 
to prevent bacterial invasion of the bloodstream and multiplication of organisms at 
an intravascular focus. . 

The concept of antibiotic prophylaxis to prevent IE in patients with underlying 
heart diseases has been widely accepted, and guidelines and specific antibiotic regi- 
mens have been recommended by the American Heart Association (4) and others. 
Despite these recommendations, there has been no definitive clinical documentation 
of the efficacy of antimicrobials in preventing valvular infections in man. Sporadic 
reports of FE occurring despite prophylactic antibiotic therapy are cited as a possible 
cause of concern that current prophylactic regimens may be suboptimal or even 
ineffective (5-9). However, instances of failure of prophylaxis are few in number, 
with eight examples readily identified in the literature, of which only three received 
adequate prophylaxis by current standards. f 

In this paper, we reevaluate the role of chemoprophylaxis for IE. We consider 
the origin of bacteremias causing IE, the types of underlying cardiovascular diseases 
that predispose to IE after bacteremia, and the evidence that chemoprophylaxis. is 
effective. 
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PORTALS OF ENTRY OF BACTERIA 


Transient bacteremia is a common event. It may occur spontaneously in normal 
persons without evident precipitating trauma, after trauma to epithelial surfaces 
with an indigenous flora (e.g. dental extraction), or during the course of infection 
at a local site (e.g. pneumonia, prostatitis). A presumptive portal of microbial 
invasion in patients with IE can be demonstrated generally in about 50% of the cases 
(3, 10). 

The oropharynx is the most common site of microbial invasion of the bloodstream 
when a portal of entry can be defined in patients with IE. Transient bacteremia has 
been a well-recognized event after dental extraction since Okell & Elliott (11) in 
1935 demonstrated alpha-hemolytic streptococci in blood cultures of 34% of pa- 
tients without gingivitis and in 75% of patients with severe gingival disease immedi- 
ately after multiple extractions. Quantitative cultures revealed less than 15 
colony-forming units (CFU) per ml in 95% of the patients. These findings were 
confirmed by McEntegart (12) in 1949 in a study of 200 patients, which showed 
bacteremia with alpha-hemolytic streptococci in more than 50% of patients after 
dental extractions. The frequency of bacteremia was positively correlated with 
severity of gingival disease, number of teeth extracted, and degree of tissue injury. 
In this study, quantitative cultures revealed that 66% of bacteremic patients had 
colony counts of less than 10 CFU per ml. 

Studies of similar design utilizing modern bacteriologic techniques have con- 
firmed and extended the early observations of Okell & Elliott (11) and McEntegart 
(12). For example, Crawford et al (13) in 1974 reported bacteremia with one or more 
organisms in 23 of 25 patients with periodontitis immediately after dental extrac- 
tion. The organism most frequently isolated was Streptococcus viridans, but a large 
variety of other organisms were recovered, including coagulase-negative staphylo- 
cocci; anaerobic streptococci; and Bacteroides, Fusobacteria Veillonella and Vibrio 
sp. In general, any microbe that inhabits the oropharynx may gain access to the 
circulation. 

Dental manipulations other than extractions have also been shown to result in 
bacteremia. The incidence of bacteremia in these situations also appears directly 
related to the severity of preexisting periodontitis as well as the amount of tissue 
trauma. Cobe (14) demonstrated bacteremia in 40% of 350 patients undergoing 
dental cleaning, 24% of 305 persons during toothbrushing, and 17% of 225 subjects 
chewing hard candy, but in none of 200 persons chewing gum. The use of oral 
irrigation devices was shown recently to result in bacteremia in 8 of 30 patients 
without gingival disease (15), while another study of 30 patients with generalized 
periodontitis revealed that 15 had bacteremia after oral irrigation (16). Antimi- 
crobial prophylaxis to prevent bacteremias associated with these activities of daily 
life is impractical. However, the relationship of bacteremia to gum disease empha- 
sizes the importance of oral hygiene as a prophylactic measure. 

The administration of penicillin immediately prior to the dental procedure de- 
creases the incidence of positive blood cultures after the procedure (17, 18). Some 
of the decrease reported may have been related to in vitro action of antibiotic 
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remaining in the blood used for culture. However, an impressive reduction in 
bacteremia, as indicated by positive blood cultures, is still observed if measures are 
taken to inhibit the action of any antimicrobial that might be transferred to the 
culture flask. For example, Elliott & Dunbar (19) studied retrospectively 100 chil- 
dren with cardiac disease who received penicillin prophylaxis prior to extraction and 
added penicillinase to the cultures to inactivate residual antibiotic. In this series, 36 
of 100 (36%) children without cardiac disease receiving no antibiotics had strep- 
tococcal bacteremia at five minutes after extraction. In contrast, streptococcal bac- 
teremia occurred in only 4 of 22 (18%) children who received oral phenoxymethy! 
penicillin, 125-250 mg every 6 hr for 3 doses prior to the procedure, and in only 
2 of 51 (3.9%) receiving a single intramuscular dose of 500,000 units of benzyl 
penicillin prior to the procedure. The use of phenolated antiseptic gargles has been 
reported to décrease the incidence of postextraction bacteremia’ (20), but gargles 
should not be used without concomitant systemic antibiotic therapy. 

The emergence of penicillin-resistant streptococci in the mouth and throat during 
prophylactic antimicrobial treatment has been well documented. Garrod & Water- 
worth (21) studied 74 strains of streptococci from 31 patients receiving penicillin 
prophylaxis for acute rheumatic fever and found that the vast majority of strains 
were inhibited by penicillin in a concentration of 2-32 units per ml, whereas 39 of 
40 strains isolated from controls were inhibited by 0.25 units or less per ml. Other 
investigators have confirmed a higher prevalence of penicillin-resistant organisms in 
patients receiving prophylactic oral penicillin (22). These observations indicate that 
IE due to penicillin-resistant organisms can be anticipated more frequently in pa- 
tients receiving penicillin prophylaxis (23). Chemoprophylaxis for IE in patients 
receiving penicillin to prevent rheumatic fever recurrences-should cover organisms 
relatively resistant to penicillin. 

The population of penicillin-sensitive PEE decreases in the saliva one day 
after the initiation of penicillin thérapy and is replaced by resistant organisms by 
the end of the second day (21). The rapid emergence of resistant organisms with the 
use of antibiotics’ indicates that prophylactic therapy for IE should precede the 

operative procedure only by the ne of time required to attain maximal serum 
concentrations. 

It has been suggested that ienas patients have a lower risk of developing 
streptococcal endocarditis than dentulous persons (24). In fact, elective extraction 
of all remaining teeth after an episode of IE has been proposed (25). However, at 
least 17 cases of endocarditis caused by S. viridans in edentulous patients have been 
reported (26-29). The source of bacteremia in several of these patients apparently 
was ulcers of the gingival mucosa related to poorly fitting dentures. In patients with 
predisposing cardiac lesions, dental extractions should be performed for appropriate 
dental indications rather than as a routine procedure for prevention of IE. 

Other procedures involving manipulation of the oropharynx and upper respira- 
tory tract also result in bacteremia. Tonsillectomy has been associated with an 
incidence of bacteremia ranging from 20 to 38% (30, 31). Bacteremia occurs in 
patients undergoing nasotracheal intubation (16%) (31) and during nasotracheal 
suctioning (16%) (32), but apparently occurs less frequently in patients undergoing 
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orotracheal intubation (33). Rigid-tube bronchoscopy in 52 patients resulted in 
bacteremia in 8 (15.4%) with organisms normally isolated from the upper respira- 
tory tract (34). In contrast, flexible fiberoptic bronchoscopy has not been associated 
with bacteremia in over 150 prospectively studied procedures (35, 36). It has been 
suggested also that upper respiratory tract infections alone might lead to transient 
bacteremia, but there is no definite evidence to support this contention (1). 

Upper gastrointestinal endoscopy, now performed with flexible fiberoptic instru- 
ments, is associated with significant oropharyngeal manipulation and with some 
trauma to the mucosa of the upper gastrointestinal tract. In one study, 4 of 50 
patients (8%) had bacteremia after gastrointestinal tract endoscopy. These bac- 
teremias were of low magnitude and due to organisms normally- found in the 
oropharynx or small bowel, including streptococci, staphylococci, Neisseria sp., and 
a variety of anaerobic organisms (37). Bacteremia has also been reported after 
endoscopic retrograde cholangiopancreatography (ERCP) (38), but there have been 
no prospective studies of the incidence of bacteremia with ERCP. 

Procedures resulting in trauma to the colonic mucosa might also be expected to 
result in bacteremia with stool containing 10!! bacteria per g (39). Indeed, there is 
speculation that bacteremia may occur with minor mucosal trauma such as normal 
defecation (40). Four cases of enterococcal endocarditis have been reported in 
association with colorectal carcinoma (41, 42). 7 

One study of patients undergoing sigmoidoscopy revealed that 19 of 200 (9.5%) 
had bacteremia with 15-51 CFU per ml of blood. Eleven of these 19 isolates were 
enterococci (43). Similarly, bacteremia was detected in 20 of 175 (11.4%) patients 
undergoing barium enema; nine of the 20 patients’ isolates were enterococci (44). 
The bacteremias resulting from sigmoidoscopy and barium enema were asymp- 
tomatic and blood cultures were uniformly negative 30 min after the procedure. A 
recent study by Engeling and colleagues (45) has failed to confirm the results of 
LeFrock (43); bacteremia was not detected by Engeling and co-workers in a series 
of 54 patients undergoing sigmoidoscopy. In our opinion, the indications for chemo- 
prophylaxis in patients at risk who undergo sigmoidoscopy or barium enema are not 
well established at the present time. If prophylaxis is given for surgical or other 
invasive procedures involving the lower gastrointestinal tract, it should be directed 
against the enterococcus, the most frequent cause of bacteremia in this setting. 

Surgical procedures involving the gastrointestinal tract, particularly cholecystec- 
tomy, have been implicated as portals of entry of microorganisms of IE (3). Percu- 
taneous liver biopsy also has been associated with bacteremia immediately after the 
procedure in 12 of 89 (14.4%) patients in one prospective study. Organisms included 
gram-negative bacilli, streptococci, enterococci, and staphylococci. In about one 
half of the patients, biliary tract infection was thought to be the source of bacteremia 
(46). 

The genitourinary tract is also frequently implicated as a portal of entry of 
microorganisms. The anterior third of the normal urethra is colonized with bacteria, 
including enterococci. Thus procedures involving the urinary or genital tracts might 
be anticipated to result in bacteremia; indeed, the genitourinary tract is considered 
to be the portal of entry in over half of the patients with enterococcal endocarditis 
(47). 
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Routine urethral catheterization results in transient bacteremia in about 7% of 
patients (48). Removal of indwelling urethral catheters yields bacteremia in 2-22% 
of patients without urinary tract infections. (49, 50) and in up to 30% of patients 
with concurrent urinary tract infections (49). Urethral dilatation has been noted to 
cause bacteremia in 10-25% of patients (48, 49) and cystoscopy results in bacteremia 
in 19-22% of patients (48, 51). Resection of the prostate by the transurethral 
approach results in transient bacteremia. in 33-44% of cases (48, 52). However, 
bacteremia after prostatectomy is much more frequent in the presence of urinary 
tract infection (57.7%) than in patients without infection (10.8%) (52). Retropubic 
prostatectomy also leads to bacteremia. In one study of 44 patients, bacteremia was 
detected in 68%. The majority of bacteremias occurred in patients with preexisting 
urinary tract infections, with 82% of those patients being bacteremic after surgery 
compared to only 12.8% of patients without preexisting infection. Approximately 
one third of the organisms isolated were enterococci (53). In another study of 82 
patients, suprapubic prostatectomy resulted in bacteremia in only 7.3%; bacteremia 
occurred only in patients with preoperative urinary infection (54). Massage of an 
infected prostate can also lead to positive blood cultures (51). 

In females, the vagina, the cervix, and the anterior third of the urethra are 
normally colonized by a variety of microorganisms, including S. viridans, en- 
terococci, and staphylococci (55, 56). It is not surprising that transient bacteremia 
occurs after manipulation of or trauma to the tissues. Transient bacteremia occurs 
occasionally during normal menstrual periods (57) and during the third stage of 
labor (58, 59). Transient bacteremia and endocarditis have been reported during 
normal pregnancy (60) and after vaginal delivery (61), induced or spontaneous 
abortion, cesarean section (47), dilatation and curettage of the uterus (61), pelvic 
infection (57), and placement of intrauterine contraceptive devices (62, 63). About 
20% of cases of enterococcal endocarditis result from obstetric and gynecologic 
procedures (47, 61, 64). 

Peritoneal dialysis is associated with bacteremia in 2.5-4% of patients (65, 66). 
Bacteremia occurs occasionally during hemodialysis (67, 68), and endocarditis and 
endarteritis have been reported in hemodialysis patients (69). The increased suscep- 
tibility of hemodialysis patients to intravascular infection, even involving previously 
normal heart valves, appears to be related to the presence of the arteriovenous shunt 
(70, 71). Experimental arteriovenous fistulae in dogs are associated with a high 
incidence of spontaneous IE (72), and experimental IE can be produced with a 
smaller inoculum of organisms in the presence of an arteriovenous fistula than in 
dogs without fistulae (73). The elevated cardiac output resulting from arteriovenous 
fistulae may produce sufficient endothelial damage to evoke nonbacterial thrombus 
formation, which serves as a nidus for bacterial colonization (74). Because of the 
increased risk of intravascular infection in hemodialysis patients, with or without 
predisposing cardiac disease, antibiotic prophylaxis should be given to these patients 
just as for patients with predisposing heart lesions (75). 

It was initially suggested that diagnostic cardiac catheterization might be asso- 
ciated with a significant incidence of bacteremia, but in a prospective study of 106 
catheterizations, Sande and colleagues found no. cases of bacteremia (76). Other 
procedures involving the cardiovascular system have been associated with bac- 
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teremia, including permanent and temporary transvenous pacemakers (77, 78), 
indwelling arterial catheters (79), and arterial catheter pressure transducers (80). 
Permanent transvenous pacemakers have also been associated with IE (78). 

In the last 20 years, expansion of cardiovascular surgery has led to many instances 
of postoperative IE. Endocarditis after closed-heart procedures is less common than 
after open-heart procedures, and insertion of a prosthetic valve is followed by IE 
2-4 times more frequently than other open-heart procedures (3, 10, 81). Prosthetic 
valve endocarditis (PVE) occurs in 2-4% of patients undergoing valve replacement 
(82). PVE after open-heart procedures using cardiopulmonary bypass has been 
attributed to several factors. First, bacteremia occurring intraoperatively is well 
documented, with one study (83) reporting up to 75% of cardiopulmonary bypass 
units harboring organisms and others (84) showing intraoperative bacteremia usu- 
ally secondary to contamination of cardiopulmonary bypass equipment in 20% of 
patients. Second, in the postoperative period, intravascular catheters and infection 
of wounds, urinary and respiratory tracts, or other sites are known to result in 
bacteremia. The organisms isolated in these studies during and immediately after 
surgery are the same organisms implicated in cases of PVE occurring in the early 
postoperative period within eight weeks of valve replacement. These data suggest 
a perioperative origin of these cases of “early” PVE (85). In one interesting study 
of 383 patients, Ankeney (84) has shown that PVE occurred only in patients with 
intraoperative bacteremia; no cases of early PVE occurred in patients whose intraop- 
erative blood cultures were negative, despite the fact that prophylactic antibiotics 
were not used. A third factor involved in the pathogenesis of PVE is the presence 
of an intracardiac foreign body, which creates a focus unusually susceptible to 
infection (86). Finally, surgical incision of the skin may be associated with bac- 
teremia (87). Although staphylococci are most commonly implicated, bacteremia 
may be caused by any of the inhabitants of normal skin, which include Staphylococ- 
cus aureus and epidermidis, diphtheroids, and Candida albicans. 

Definitive evidence documenting a beneficial role of antibiotics in preventing PVE 
is lacking. Nevertheless, the frequent occurrence of bacteremia (often staphylococ- 
cal) in the perioperative period, the high mortality (70-90%) in cases of early PVE 
(88-90), the recognition that antimicrobials can prevent certain infections, and the 
long-standing recommendations for prophylaxis in patients with heart disease have 
resulted in the routine use of prophylactic antibiotic therapy during insertion of 
heart valves. Regardless of the role of antibiotics in prophylaxis, advances in opera- 
tive technique that decrease the incidence of bacteremia are potentially of equal or 
greater importance in preventing PVE. 

Prophylactic antibiotic use during prosthetic valve insertion was first suggested 
because of a significant incidence of staphylococcal PVE in patients not given 
perioperative antibiotics (91), and many studies have reported a decrease in the 
overall incidence of PVE, particularly staphylococcal PVE, with the use of pro- 
phylactic antibiotics (92-94). However, none of these studies was controlled or 
randomized, and each utilized only historical controls. Despite claims that the 
incidence of staphylococcal PVE after surgery is reduced, the staphylococcus con- 
tinues to account for about half of the cases, even with prophylactic use of antista- 
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phylococcal antibiotics (88-90). Cases of PVE due to other organisms sensitive to 
the perioperative antibiotics also continue to occur (89, 90, 95-97). 

Inacontrolled study, Fekety et al (96) compared placebo, penicillin, and methicil- 
lin in bypass procedures. There was no difference in the rate of postoperative 
infection, but PVE did not occur in any of the 213 patients. 

Goodman et al (97) attempted to carry out a controlled study comparing placebo, 
a combination of penicillin and streptomycin, and oxacillin in preventing PVE. The 
placebo group was discontinued before completion of the study because of the 
occurrence of two cases of pneumococcal PVE. However, there was no statistically 
significant difference in the rate of infection or the occurrence o* PVE between the 
three groups. There did appear to be a difference in the spectrum of causative 
organisms, with many organisms resistant to the antibiotics used in prophylaxis. 

Conte et al (98) conducted a well-designed, controlled study -omparing a single 
dose of intraoperative cephalothin to intraoperative plus preoperative and postoper- 
ative cephalothin in open-heart surgery. There was no difference Setween the groups 
in the incidence of minor or major infections or in mortality. However, only one 
case of PVE occurred in the series of 53 patients. and precluded analysis of this 
complication. 

In conclusion, available data show no clearly definable benefit of antibiotic pro- 
phylaxis in the prevention of IE after cardiovascular surgery. PVE continues to 
occur, even with staphylococci and other organisms that are sensitive to antibiotics 
used in the prophylactic regimens. The prdphylactic regimens apparently do shift 
the spectrum of organisms toward those resistant to the antibotics used in pro- 
phylaxis, with an increasing proportion of gram-negative bacilli and probably fungi 
(96-101). The mortality of PVE due to organisms other than stanhylococci is equal 
to or greater than that of staphylococcal PVE (89, 90). 

Microorganisms residing on the skin are the most common etiologic agents in the 
pathogenesis of endocarditis in drug addicts. Although endozarditis. caused by 
gram-negative bacilli and fungi is several times more common ir drug addicts than 
in the general population (8-15% and 1-4%, respectively) (102), S. aureus is by 
far the most common causative organism in addicts, isolated im 40-90% of cases 
(103). The source of the staphylococci was initially thought to be contaminated 
drugs or paraphernalia. However, studies of these articles did nct reveal coagulase- 
positive staphylococci, but showed almost universal. contamination by grain- 
negative organisms. Addicts with endocarditis caused by coagulese-positive staphy- 
lococci are all found to be cutaneous or nasopharyngeal carriers of the same phage 
type of staphylococcus as that isolated from the blood (104). It is likely, there- 
fore, that most staphylococci causing endocarditis in drug addicts enter the blood- 
stream from the skin, whereas gram-negative organisms causing 2ndocarditis in this 
group of patients probably gain access via contaminated drugs oc related parapher- 
nalia. 

Maki et al (105) have found that intravenous cannulae, including catheters and 
needles, are associated with bacteremia in 2-5% of cases; bacter2mia occurs in 8% 
of patients with plastic catheters left in place more than 48 hours- These bacteremias 
are caused by organisms commonly isolated from the skin, including S. aureus, 
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gram-negative bacilli, and enterococci. Microbial invasion of the bloodstream is 
particularly common in patients receiving total parenteral nutrition. Fungi are 
responsible for a large percentage of these cases. Intravenous cannulae have been 
responsible for IE, as well as for disseminated fungal infections and fatal septicemia. 

Intravenous fluids, as well as 1-6% of blood products, have been reported to 
harbor bacteria (106), and as many as 20% of pooled platelet transfusions may be 
contaminated (107). Fatal septicemia has occurred with these infusions, but IE has 
not been reported, perhaps because gram-negative bacilli are usually isolated and 
they are less likely to produce IE than are streptococci or staphylococci. Intravenous 
therapy should be avoided whenever possible in the patient at risk for IE and, when 
necessary, infection-control measures such as those outlined by Goodman et al (106) 
should be followed to reduce the risk of bacteremia. 

When considering potential sources of bacteremia in persons with endocarditis, 
it should be recalled that spontaneous bacteremia with small numbers of organisms 
occurs without obvious trauma in apparently healthy persons (108, 109). Bac- 
teremia also occurs spontaneously in patients with minor infections such as peri- 
odontitis, periapical abscesses, and tonsillitis (11, 110, 111). Invasion of the 
bloodstream also occurs frequently in the course of other bacterial infections; for 
example, approximately 30% of patients with pneumococcal pneumonia are found 
to be bacteremic (112). 


UNDERLYING CARDIOVASCULAR DISEASE 


Rheumatic heart disease remains the most common form of underlying cardiovascu- 
lar disease in patients developing IE, accounting for 40-60% of all cases, despite 
a remarkable decline in incidence over the past 30-40 years (2, 3). Congenital heart 
disease is found in 7-16% of patients with IE in recent series (113, 114). Small 
ventricular septal defect, patent ductus arteriosus, tetralogy of Fallot, pulmonic 
stenosis, coarctation of the aorta, and bicuspid aortic valve appear as predisposing 
lesions relatively often, whereas ostium secundum atrial septal defect, large ven- 
tricular septal defect, and other congenital abnormalities with low pressure differen- 
tials are rarely encountered with IE (115). Whereas the incidence of rheumatic heart 
disease has declined as an underlying condition in IE, the occurrence of so-called 
degenerative heart diseases, including calcific and atherosclerotic changes in the 
aortic and mitral valves, has apparently increased. One review reported that 25 of 
100 patients with IE had degenerative heart lesions as predisposing abnormalities; 
if only patients over the age of 60 were considered, 50% had predisposing degener- 
ative disease (116). This reflects the fact that nearly all severe valvular aortic stenosis 
in patients over the age of 65 is due to degenerative changes in the aortic valve (117, 
118). Similarly, calcification of the mitral annulus predisposes to IE (119). IE also 
occasionally complicates myocardial infarction, involving the mural thrombus over- 
lying the infarction (120), or developing at the site of a ventricular septal perforation 
after myocardial infarction (121). 

Other cardiovascular conditions that have been complicated by IE include idi- 
opathic hypertrophic subaortic stenosis (122, 123), mitral valve prolapse click- 
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murmur syndrome (124), Marfan’s syndrome (125), and syphilitic heart disease 
(113). Prosthetic intracardiac devices (i.e. valves, patches, and pacemakers) can be 
the site of IE, as previously discussed. Also, as previously noted, arteriovenous 
fistulae or shunts predispose to IE, irrespective of whether the patient has underlying 
heart disease. However, there is evidence to suggest that prophylaxis is not required 
after the successful repair of atrial septal defects (125), patent ductus arteriosus (4), 
and probably arteriovenous fistulae of all types. ` 

In patients who have had one episode of IE, the incidence of a second episode 
is impressively high, perhaps in the range of 8-9% with long-term follow-up. One 
fourth of the patients with a second attack will have third episodes of IE (126, 127). 
This high risk of recurrence makes a previous episode of IE a strong indication for 
antibiotic prophylaxis, even without a recognizable underlying cardiovascular de- 
fect. 

When all etiologies are considered, some 20-40% of patients with IE have no 
apparent underlying heart disease. Some of these undoubtedly have unrecognized 
or undiagnosable cardiac diseases, although IE definitely can occur on previously 
normal valves, especially after bacteremia with organisms of high virulence. 


RISK OF ENDOCARDITIS AFTER BACTEREMIA 


Several attempts have been made to estimate the risk of IE in.susceptible persons 
after dental extraction, an event known to be regularly associated with bacteremia. 
However, assessment of risk of IE after bacteremia is difficult. Extrapolations based 
on numerous assumptions, including estimating the incidence of IE in the suscepti- 
ble population, the number of dental extractions that patients at risk undergo, and 
the number of patients in which dental extraction is the precipitating event of IE, 
have led to the guess that the incidence of IE after dental extraction may range from 
1 case per 500-3000 extractions (1). The risk of endocarditis is influenced by many 
variables, including type of underlying cardiovascular lesion, number and type of 
organisms gaining access to the blood, and immunologic status of the host. It is 
apparent, considering the frequency of bacteremia, that intravascular localization 
of blood-borne microbes is a rare event. 

Garrison & Freedman (128) developed a model of IE in rabbits that has proven 
reproducible and practical and has allowed extensive study of the pathogenesis of 
IE. Trauma to the endocardial surfaces is produced by passing a polyethylene 
catheter transvenously or transarterially across the tricuspid or aortic valve. Non- 
bacterial thrombotic endocarditis is consistently produced at the site of contact 
between the catheter and the endocardium. The thrombus apparently serves as a site 
for the localization and growth of bacteria that lead to the formation of a typical 
vegetation. Studies using the rabbit model have demonstrated that development of 
IE after bacteremia is dependent on a number of factors. First, the incidence of 
endocarditis appears to be directly related to the amount of valvular trauma. With 
lesser degrees of trauma or more time for healing of induced trauma, the risk of IE 
is reduced (129). Trauma need not be direct, since the creation of an arteriovenous 
fistula, resulting in only minor endothelial damage, presumably secondary to in- 


380 SIPES, THOMPSON & HOOK 


creased cardiac output, reduces the number of organisms required to produce IE 
(31, 129). Additionally, left-sided experimental endocarditis is more readily estab- 
lished and maintained than right-sided valvular infections, perhaps because of the 
higher left-heart pressures. Second, the number of organisms inoculated is an impor- 
tant determinant of the occurrence of IE. Third, the duration of bacteremia is 
important, and any maneuver that decreases the clearance of bacteria from the 
circulation (e.g. reticuloendothelial blockade or the creation of an arteriovenous 
fistula) results in an increased incidence of IE (73, 74). Fourth, the microorganism 
involved is of major importance. In the rabbit model, the inoculum required to 
produce IE in 50% of animals varies from 10%75 CFU for S. aureus to 1045 CFU 
‘for S. viridans, and to as high as 10629 for Escherichia coli (130). 

These experimental data appear to agree with clinical impressions regarding 
factors influencing the risk of IE in man. As in the experimental model, predisposing 
cardiovascular lesions that seem to result in more endothelial trauma carry a higher 
tisk of IE (e.g. ventricular septal defect with high pressure differential has a higher 
incidence of IE than low-pressure gradient atrial septal defects) (114, 115). The 
incidence of left-sided IE is also higher than that of right-sided endocarditis, al- 
though this may reflect the more frequent occurrence of rheumatic heart disease 
involving the left side of the heart, as well as other fundamental differences in the 
susceptibility of the chambers to bacterial infection. 

The number of organisms recovered from the blood immediately after procedures 
causing transient bacteremia is generally relatively small, often less than 10-20 
organisms per ml of blood. Organisms are cleared rapidly and bacteremia is resolved 
by 30 min (57). The development of endocarditis is dependent on the localization 
of a viable bacillus with growth potential in the small fibrin clot formed at the site 
of trauma. The low level of transient bacteremia and its rapid resolution do not favor 
intravascular localization in most instances. 

The importance of the type of organism producing bacteremia is apparent in 
human beings and in experimental animals. The propensity for certain organisms 
to cause IE is related to the frequency of bacteremia with the organism and, of even 
greater importance, it is related to specific characteristics of the different organisms, 
including adhesiveness to endothelium and susceptibility to killing by antibody and 
complement. 

Despite the multitude of organisms that can produce bacteremia, streptococci and 
staphylococci account for 90-95% of all IE, with the exception of PVE and endocar- 
ditis in drug addicts. Although organisms such as anaerobes or gram-negative 
enteric bacilli frequently cause bacteremia, they are unusual causes of IE (3). Many 
of the latter organisms are killed by antibody and complement, which may account 
for the much larger inoculum required to produce endocarditis with these organ- 
isms. Also, bacteremia of sufficient magnitude to produce endocarditis might result 
in endotoxic shock and death prior to the establishment of IE. The risk of IE after 
staphylococcal bacteremia is greater than after bacteremia with most other organ- 
isms, as witnessed by the fact that IE occurs in a significant proportion of patients. 
with staphylococcal bacteremia irrespective of the presence of underlying heart 
disease (131). : 
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In summary, many factors that alter the risk of IE after experimental bacteremia 
are recognized. Although many parallels exist between the naturally occurring 
disease in man and the experimental disease in animals, calculation of risk of IE after 
bacteremia in man is almost impossible. Asymptomatic transient bacteremia in man 
is exceedingly common, whereas endocarditis in susceptible persons is unusual. The 
risk of IE after bacteremia in susceptible persons is obviously small. 


PREVENTION OF EXPERIMENTAL ENDOCARDITIS 


Durack and co-workers (132, 133) have utilized the rabbit model to test the efficacy 
of various prophylactic antibiotic regimens against IE caused. by streptococci. In 
these experiments, a catheter passed across the tricuspid or aortic valve produces 
sterile vegetations that serve as a nidus for microbial localization and growth after 
intravenous injection of 108 CFU of a strain of S. viridans. Bacterial colonization 
of the thrombus-was uniformly observed when animals were sacrificed 24 hr after 
injection. Thirty minutes prior to injection of streptococci, various antibiotics were 
administered parenterally to evaluate their ability to prevent localization and 
growth of bacilli in the thrombus. 

Although the streptococcus used in these experiments was highly sensitive to 
penicillin in vitro, with a minimum inhibitory concentration of 0.01 g/ml, it was 
difficult to prevent colonization of the thrombus with a single dose of penicillin G. 
„Aqueous penicillin G given 30 min prior to bacteremia, in single doses as large as 
150 mg/kg, was not effective in 19 of 21 animals. However, when doses of this 
magnitude were given every 4 hr for 6 doses, 3 of 4 animals had.sterile vegetations 
when sacrificed. A combination of penicillin G (150 mg/kg) with benzathine penicil- 
lin (7.5 mg/kg) or procaine penicillin (>50 mg/kg), which gave more prolonged 
serum levels, was uniformly successful in preventing valvular infection. These re- 
sults were interpreted as suggesting the need for a high initial serum level as well 
as relatively prolonged duration of serum penicillin activity. 

Vancomycin in a single dose (30 mg/kg) was uniformly successful in preventing 
colonization of the sterile vegetations, despite disappearance of the drug from the 
serum within 3 hr. Similarly, a single dose of the synergistic combination of penicil- 
lin G (150 mg/kg) and streptomycin (15 mg/kg) was uniformly effective. With 
vancomycin alone or with the combination of penicillin and streptomycin, quite 
rapid rates of killing in vitro were observed, which may explain their effectiveness 
in vivo. Cephazolin (30 mg/kg) every 6 hr plus streptomycin, both for 2 days, was 
also effective. Phenoxymethyl penicillin (30 mg/kg initially, followed by 7.5 mg/kg 
every 6 hr for 48 hr) was the only effective regimen that could potentially be given 
orally to man. All of the bacteriostatic agents tested, including tetracycline, erythro- 
mycin, and clindamycin, were ineffective in the experimental model, even when 
given in multiple doses. 

Direct extrapolation of data obtained from the rabbit to the development of 
prophylactic regimens for use in humans has been criticized from several stand- 
points. In the experimental model, 108 CFU are injected under conditions that lead 
to intravascular localization of viable bacilli in almost all animals. The number of 
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organisms in the experimental infection in rabbits is considerably greater than that 
generally involved in human transient bacteremia. Furthermore, IE develops only 
rarely after transient bacteremia in humans with vascular lesions. Consequently, 
regimens based on the animal model, while admittedly providing a wide margin of 
safety, probably overestimate the dose of antimicrobials required to prevent IE in 
humans with heart disease undergoing procedures associated with bacteremia. 

Experimental data regarding the chemoprophylaxis of experimental IE caused by 
enterococci, staphylococci, or other organisms are not available. 


PREVENTION OF IE IN MAN 


The ideal approach to the prevention of IE would be prevention or correction of 
the underlying cardiovascular defects. Failing this, other modes of prophylaxis must 
be sought. Patients at risk should avoid procedures known to be associated with 
bacteremia whenever possible. Certain nonessential procedures, such as intrauterine 
devices for contraception, should be avoided. Oral hygiene should be maintained at 
the highest possible level. Special effort should be made to insure that necessary 
invasive procedures involving contaminated epithelial surfaces or local sites of 
infection are carried out with minimal trauma. For example, it is known that 
endodontic procedures are less likely to be associated with bacteremia than tooth 
extraction or gingival surgery (134). Existing infection should be eliminated prior 
to manipulation—for example, the urinary tract infection prior to genitourinary 
procedures—to decrease the probability of bacteremia. Intravascular and genitouri- 
nary catheters should be avoided, but if their use is mandatory, they should be 
removed as soon as possible. Other infections (e.g. pneumonia, cutaneous infections) 
should be treated promptly with antibiotics to decrease the likelihood of bacteremia. 
Chemoprophylaxis with antibiotic agents is effective in preventing experimental 
endocarditis in rabbits and may be effective in humans by decreasing the frequency 
and magnitude of bacteremia associated with traumatic procedures, by eliminating 
bacteria that have gained access to the bloodstream, or by eradicating bacteria 
lodged on heart valves before endocarditis is established. Despite the fact that 
definitive evidence of efficacy of antibiotics in the prevention of endocarditis in man 
is lacking, there appear to be sufficient data to warrant continued use of chemopro- 
phylaxis. In addition to data documenting efficacy in experimental IE, reported 
instances of IE in persons at risk who are-treated with antimicrobials, as recom- 
mended by the American Heart Association, are remarkably few in number. Fur- 
thermore, current ethical attitudes and the exceedingly low incidence of IE in 
susceptible individuals after procedures known to evoke transient bacteremia make 
prospective comparative clinical study of placebo versus antibiotic difficult. 
Chemoprophylaxis should be given to all persons with recognized predisposing 
cardiovascular conditions prior to procedures known to be associated with endocar- 
ditis and to produce bacteremia frequently. However, even if one assumes that 
antimicrobial prophylaxis prevents essentially all cases of IE, a substantial number 
of cases would continue to occur. As many as 40% of patients with IE have no 
previously recognized underlying cardiovascular disease and therefore would not 
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receive prophylaxis. Furthermore, even in patients known to be at risk, more than 
half of bacteremias leading to IE originate from unrecognized sources and would 
not be prevented. 

Patients with underlying cardiovascular disease should be informed of their pre- 
disposition to infection and of the importance of chemoprophylaxis. Several studies 
have confirmed that 70-80% of patients at risk and their families are unaware of 
the potential danger of IE after invasive procedures (22, 23). It is also important 
that health professionals be diligent in identifying the patients at risk and in deliver- 
ing prophylactic regimens. In a study of 2069 patients attending a dental clinic, 113 
patients were identified as at risk of IE because of cardiac diseases. Sixty-four 
percent of these patients indicated that their dentists did not inquire about a history 
of cardiac disease, and 77% of 424 dental procedures were performed without 
antibiotic prophylaxis (17). 

There is general agreement that chemoprophylaxis should be initiated just 
minutes prior to the procedure so as to achieve an active serum level of antimicrobi- 
als at the time of bacteremia and to minimize the risk of the selection of a resistant 
flora by prolonged therapy prior to the procedure. Prophylaxis should be directed 
against the organism most likely to be responsible for bacteremia in the specific 
clinical setting. 

Patients with predisposing cardiovascular disease who undergo traumatic proce- 
dures involving the oropharynx, including dental extraction, dental prophylaxis, 
other forms of oral surgery, and rigid-tube bronchoscopy, should receive antibiotic 
prophylaxis primarily directed against streptococci of the viridans type. Several 
regimens recommended by the American Heart Association (4) for procedures 
involving the oropharynx have been used extensively: 


1. Procaine penicillin G, 600,000 units, mixed with crystalline penicillin G, 200,000 
units, intramuscularly (i.m.) 1 hr prior to the procedure and once daily for 2 days 
after the procedure. . i 

2. Phenoxymethyl penicillin (penicillin V) or phenethicillin, 500 mg orally (p.o.) 1 
hr prior to the procedure and then 250 mg p.o. every 6 hr for the remainder of 
that day and for 2 days after the procedure. 

3. Penicillin G, 1,200,000 units p.o., 1 hr prior to the procedure and then 600,000 
units p.o. every 6 hr for the remainder of that day and for 2 days after the 
procedure. 

4. In patients allergic to penicillin or who have been receiving penicillin prophylaxis 
against rheumatic fever, erythromycin stearate, 500 mg p.o. in adults (20 mg/kg 
in children) 114-2 hr before the procedure and then 250 mg p.o. in adults (10 
mg/kg in children) every 6 hr for the remainder of that day and for 2 days after 
the procedure. 


During recent years, it has been possible to test these regimens in experimental 
IE in rabbits. The antimicrobials in dosages recommended above were ineffective 
under these experimental conditions in “preventing endocarditis;” that is, 24 hr after 
initiation of bacteremia with 10° CFU in rabbits, viable streptococci could still be 
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isolated from intravascular thrombi. However, with larger doses of penicillin, with 
combination of penicillin and streptomycin, or with vancomycin, it was possible to 
achieve more consistent sterilization of the vegetations. On the basis of these obser- 
vations in rabbits, several groups have recommended that the prophylactic regimens 
for man be revised. Durack & Petersdorf (132, 133) recommend the following 
regimens: 


1. Aqueous penicillin G, 2,000,000 units, procaine penicillin G, 600,000 units, and 
streptomycin, 1.0 g, by i.m. injection 30 min prior to the procedure. 

2. Vancomycin, 0.5 g, intravenously (i.v.) 30 min prior to the procedure. 

3. Cephazolin, 1.0 g, plus streptomycin, 0.5 g, im. 30 min before the procedure and 
every 8 hr for two additional doses; 

4. Phenoxymethyl penicillin, 2.0 g, p.o. 30 min before the procedure followed by 
0.5 g p.o. every 6 hr for 48 hr. 


Kaye (87) recommends the addition to the first regimen of 600,000 units of procaine 
penicillin i.m. on each of the two days after the procedure. He also suggests that 
the vancomycin and cephazolin-streptomycin regimens be reserved for patients 
hypersensitive to penicillin and that these regimens be continued for a total of 72 
hr. All of these regimens are bactericidal and provide sufficiently high initial serum 
concentrations and duration of activity required to prevent uniform colonization of 
the vegetation in rabbits. In patients receiving penicillin for rheumatic fever pro- 
phylaxis, the chemoprophylactic regimeri chosen should be bactericidal for strep- 
tococci relatively resistant to penicillin and might consist of any of the first three 
regimens mentioned above. If oral prophylaxis is required in a penicillin-allergic 
patient, Kaye recommends erythromycin, 500 mg, 4 times daily for 72 hr, but such 
nonbactericidal agents are less effective in the rabbit model. 

If one assumes that antimicrobial prophylaxis is effective in preventing IE in man, 
then one can also assume that the larger doses of bactericidal antimicrobials recom- 
mended by Durack & Petersdorf (132, 133) and Kaye (87) will offer a margin of 
safety that exceeds that assumed to exist with the regimens previously recommended 
by the American Heart Association (4). However, there is a question as to whether 
‘the revised recommendations are necessary. As pointed out earlier, there are very 
few instances of documented failure of current regimens to prevent IE in humans 
at risk. Furthermore, the comparability of the animal model to TE in man is 
quantitatively remote; that is, in the experimental model the variables are controlled 
so that virtually every rabbit develops IE after injection of bacteria, whereas in man, 
IE rarely follows bacteremia. It is possible that, if the conditions in man were 
reproduced in rabbits, the regimens recommended by the American Heart Associa- 
tion would be found effective-in preventing IE in man. 

Prophylactic antibiotic therapy for genitourinary and lower gastrointestinal tract 
procedures should be primarily directed against the enterococcus. In this instance, 
there are no experimental data to suggest dosage or duration of therapy. The 
regimens recommended by the American Heart Association (4) for prophylaxis for 
gastrointestinal and genitourinary tract surgery and instrumentation are as follows: 
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= 


. Procaine penicillin G, 600,000 units, mixed with crystalline penicillin G, 200,000 

units, plus streptomycin, 1-2 g, injected im. 1 hr prior to and once daily for 

- 2 days after the procedure (for children, the dose of streptomycin is 40 mg/kg, 

not to exceed 1 g per 24 hr). 

2. Ampicillin, 25-50 mg per kg, p.o. or i.v. 1 hr before the procedure and then 25 
mg/kg every 6 hr for the remainder of that day and for 2 days after the procedure, 
plus streptomycin as above. 

3. In patients allergic to penicillin, erythromycin can be given p.o. as described 

above for prevention of S. viridans infections, plus streptomycin as above; an 

alternative regimen for the penicillin-allergic patient is vancomycin, 0.5-1.0 g 

i.v. (20 mg/kg in children) i hr prior to the procedure and then 0.5 g i.v. (10 

mg/kg in children) every 6 hr for 72 hr, plus streptomycin as above. 


Extrapolating from the animal work with S. viridans, Kaye (87) feels that it is 
unlikely that these regimens of penicillin, oral ampicillin, or erythromycin would 
be effective in preventing ‘enterococcal endocarditis. He proposes that therapeutic 
doses of antibiotics for established enterococcal endocarditis would be effective and 
provide a wide margin of safety. Therefore, the following three regimens have been 
recommended by Kaye (87): 


1. Aqueous penicillin G, 20,000,000 units given i.v. over 24 hr plus streptomy- 
cin, 1.0 g, im. every 12 hr beginning: 1 hr before the procedure and continuing 
for a total of 72 hr. 

2. Aqueous penicillin G as above, plus gentamicin, 1.7 mg/kg, im. every 8 hr 
beginning 1 hr before the procedure for a total of 72 hr. 

3. Vancomycin, 0.5 g, given i.v. every 6 hr plus streptomycin or gentamicin as above 
beginning 1 hr before the procedure for a total of 72 hr. 


Although these regimens for prevention of IE after genitourinary procedures may 
offer wide margins of safety, they are not likely to meet with wide acceptance. First, 
the evidence indicates that very few cases of enterococcal endocarditis have been 
reported in patients at risk who have received one of the regimens recommended 
by the American Heart Association (4). Second, the regimens recommended by 
Kaye would require hospitalization for three days in most instances. A third factor 
to be considered is the increased cost resulting from large doses of parenteral 
antimicrobials and the hospitalization. In our opinion, better definition of risks and 
benefits than exists at present should be obtained prior to discarding the recommen- 
dations of the American Heart Association. 

The surgical manipulation of normal or infected cutaneous tissues requires 
chemoprophylaxis directed against S. aureus. A penicillinase-resistant penicillin, 
such as nafcillin, or cephalothin in dosage of 2 g given iv. every 4 hr, or 
cephazolin, 1 g, i.m. every 8 hr, beginning 1 hr before the procedure and continuing 
for 72 hr, may be used. Parenteral antimicrobials are advisable when the probability 
of staphylococcal bacteremia is high; however, if oral prophylaxis is required, 
dicloxacillin or cephalexin, 500 g every 6 hr, can be used for 72 hr after the proce- 
dure. 
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Despite the lack of conclusive evidence of efficacy, the use of prophylactic antibi- 
otics with cardiovascular surgery is almost universal and undoubtedly will continue. 
Prophylaxis should be directed primarily against the staphylococcus, as it is the 
most common cause of PVE. Parenteral antistaphylococcal agents, such as nafcillin, 
cephalothin, or vancomycin, should be given in full therapeutic doses i.v. beginning 
1 hr prior to surgery and continuing intraoperatively and postoperatively for 3 days 
or until all intravascular lines and catheters are removed. 


SUMMARY 


` Established practice dictates that physicians and dentists give antimicrobial agents 
at the time of procedures associated with bacteremia in an effort to prevent IE in 
persons with underlying cardiovascular diseases. Although prospective controlled 
study has not established efficacy, very few cases of IE have been reported in patients 
at risk who have been treated with regimens recommended by the American Heart 
Association. Furthermore, studies in rabbits in recent years have shown that IE can 
be prevented by antimicrobials. The results in rabbits have raised some theoretical 
questions regarding efficacy of currently recommended regimens for man and have 
led some investigators to propose revisions of the American Heart Association 
recommendations. We feel that direct translation of results from experimental IE 
in rabbits into recommendations for prophylaxis of IE in man is subject to question. 
It is unlikely that a prospective study comparing placebo with antimicrobials will 
be undertaken, but it is possible and reasonable to undertake studies to document 
the occurrence of JE in patients at risk who are given established antibiotic regimens. 
With such data, modifications of established regimens could be proposed and tested. 
Regimens that are found to be totally effective in a large number of patients at risk 
might be modified toward simpler programs—for example, modifying parenteral 
therapy to oral therapy or changing multiple doses of antibiotic to a single dose. If 
regimens fail, even once in several thousand patients at risk, the factors responsible 
might be determined and a clear rationale for modification achieved. 
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INTRODUCTION 


Acceptance of the concept of alcoholic cardiomyopathy has varied over the years. 
In Europe during the last century, there were repeated reports of diffuse disease of 
heart muscle in chronic alcoholic individuals, who apparently had low-output heart 
failure (1). Periods of economic distress with attendant nutritional deprivation have 
resulted in a different clinical presentation, the high-output state of beriberi due to 
thiamine deficiency. Some concluded that this was the only cardiovascular effect of 
chronic alcoholism. However, in recent decades when the industrialized countries 
have had a generally sufficient foodstuff supply, there have been numerous reports 
of low-output heart failure in alcoholics, without evidence of nutritional deficiency 
in the majority (2-4). 

A recent nutritional survey of alcoholics who were generally considered not to 
be indigent revealed a relatively low incidence of nutritional deficiency, although 
36% of their calories were derived from alcohol (5). Only 15% of these patients had 
thiamine deficiency as determined by diet history and excretion of vitamin metabo- 
lites. Riboflavin, niacin, and protein deficiency occurred in less than 10% of this 
group, and low levels of serum albumin were observed in an even smaller segment 
of the group. Whether the myocardial response to chronic alcoholism differs in the 
minority of patients with nutritional deficiency, when compared to the better- 
nourished alcoholic, remains to be evaluated. It should be noted that blood vitamin 
levels assayed in hospitalized patients frequently reveal no clear distinction between 
alcoholics with and without evidence of liver disease (6). Blood vitamin concentra- 
tions may also be low as a nonspecific effect of chronic illness in the absence of 
alcoholism. 
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In considering the influence of ethyl alcohol on the heart, it is pertinent to reflect 
on the prevalence of alcoholism in the general population. In view of the difficulty 
of obtaining a reliable history in many subjects with this disease, we can assume that 
the reported incidence of alcoholism is likely to be underestimated. In a recent 
survey, Cahalan and his associates found that two thirds of the population used 
alcohol, and were categorized in four groups: infrequent, light, moderate, and heavy 
users (7). Heavy users represented about 12% of the adult population. An important 
element in considering prevalence is the variation between different regions of the 
country and between hospitals of a given region. ` 


RESPONSE TO ACUTE ETHANOL USE 


A number of investigations have indicated that ethyl alcohol may simultaneously 
affect the function of many organs. Thus, in contrast to the popular view that 
ethanol has beneficial effects on the heart, doses that are mildly intoxicating have 
been shown to adversely affect left-ventricular function in some circumstances. This 
effect is in part dependent on prior experience with alcohol; that is, larger doses are 
required to demonstrate impaired pumping action of the heart in the chronic alco- 
holic subject who has no clinical evidence of heart disease (8). However 6 oz. of 
scotch, fed to normal individuals over a two-hour period, has been found to diminish 
the force of heart-muscle contraction at a mildly intoxicating blood level of 75 
mg/100 ml. This effect progresses as blood levels rise. It is usually dissipated within 
a few hours after the drinking is interrupted (9). Supporting the view that ethanol 
is acutely depressant to myocardium is the fact that ventricular dysfunction is 
rapidly reversed after 15-30 min of hemodialysis (10). , 

In contrast to these findings in alcoholics without clinical evidence of heart 
disease, the patient who has already had at least one episode of heart failure may 
exhibit a greater sensitivity to the 6-oz dose of scotch (11) with substantial elevation 
of filling pressure. The response in cardiac subjects who are not alcoholics may be 
qualitatively similar (12). An important variation of the acute response to ethanol 
is the combination with other pharmacologic agents. Accidental or suicidal deaths 
have resulted from the combination with barbiturates. Potentiation of the myocar- 
dial depressant effect has been observed experimentally with such a combination 
(13), which is concurrent with respiratory depression. 

The sympathetic nervous system presumably has an important role in modifying 
the cardiac response. Thus, blockade of the system has been shown to produce 
greater depression of left-ventricular function during ethanol administration (14). 
Intensification of the cardiovascular response to ethanol in animals treated with 
disulfiram, an inhibitor of beta hydroxylation with resultant lower levels of endoge- 
nous norepinephrine (15), may well be on a similar basis (16). It is noteworthy that 
the adrenal gland does not appear to respond with greater secretion of adrenaline 
or noradrenaline, at least in response to moderately intoxicating blood levels (17), 
so that cardiac catecholamine stores would appear to be the major factor modifying 
the response to acute ethanol intake. 

In considering the direct influence of ethanol on cardiac cells when administered 
acutely, changes of salts in the muscle are of major importance. The action in 
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reducing force of contraction may well entail altered calcium movement in the cell 
(18). It is known that potassium and phosphate transiently leak out of the muscle 
cells after a 12-oz dose (8), an effect that is not attributable to coronary blood flow 
reduction. The loss of cations may be related to an inhibitory effect of ethanol on 
active transport of potassium and sodium across cell membranes, which has been 
suggested as a basic mechanism of action of ethanol upon most cells (19). 
Another metabolic change is represented by alteration of lipid transport in the 
myocardium: the large dose of ethanol reduced the uptake of free fatty acid by the 
left ventricle, while the increased triglyceride uptake resulted in accumulation of 
lipid in myocardium (20). This response may contribute to pathologic changes 
observed in human myocardium at postmortem examination; substantial increases 
in lipids, presumably triglycerides, have been observed in the alcoholic heart (21). 
It is noteworthy that noncardiac striated muscle, including uterine (22) and 
_ Skeletal muscle (23), are also depressed acutely by ethanol, although in the dia- 
phragm this follows a period of enhanced contractility. With chronic use, the 
asymptomatic alcoholic may exhibit modest reduction of lactic dehydrogenase, as 
well as a small reduction in fast-twitch glycolytic fibers and volume of mitochondria 
(24). The conditions required for acute myopathy and rhabdomyolysis are not well 
defined, but malnutrition and hypophosphatemia are frequently associated (25). 


CHRONIC ETHANOL USE IN ANIMAL MODELS 


While histologic abnormalities have been observed in 90% of unselected alcoholics 
in one postmortem series (26), uncertainty as to the quantity of ethanol intake, the 
nutritional status of the patient, including electrolyte deficits and the possibility of 
heart disease from other causes, have obscured the relationship of excessive ethanol 
use and cardiomyopathy. Previous chronic experiments with ethanol have yielded ` 
conflicting data in terms of the production of a functional deficit (27, 28), but the 
negative study used smaller quantities and was relatively short-term. 

To eliminate some of the above variables, a group of young adult. male dogs was 
maintained in a relatively normal nutritional state while receiving up to 36% of 
calories as ethanol, approximating the quantity reported in a population of human 
alcoholics (5). After an average of 18 months they were found to have maintained 
weight, hematocrit, serum proteins, vitamins, and electrolytes to a similar extent as 
the normal controls. They were anesthetized to permit determination of left-ven- 
tricular performance, conduction, morphology, and metabolism using methods pre- 
viously described (29). 


Cardiac Function 


Mean heart rate and aortic pressure were similar in both groups. However, in the 
chronic-ethanol animals there was a significantly higher end-diastolic pressure de- 
spite a lower level of end-diastolic volume. Assessment of left ventricular function 
was undertaken during afterload increments with angiotensin of similar extent in 
both groups. Stroke output increased moderately but significantly in the controls, 
while no such increments occurred in the alcoholic animals. Ejection fraction was 
similar in both groups before and after angiotensin. A rise of stroke work in the 
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normals from 1.39 + 0.23 to 1.81 + 0.21 g m/kg was significantly less in the 
experimental group (P < 0.01). Normal controls exhibited a moderate rise of 
end-diastolic pressure and end-diastolic volume during angiotensin infusion. How- 
ever, a significantly larger rise of end-diastolic pressure occurred in the ethanol 
group, while the end-diastolic volume response was significantly less than in con- 
trols. This is presumably the basis for the reduced stroke volume. 

To further analyze the apparent altered stiffness of the ventricle, six of the normal 
animals and six of the ethanol group were infused with. normal saline via a catheter 
in the left ventricle. At an infusion rate of 50 ml/min for 3—4 min, the normals 
generally exhibited a proportionate rise of left-ventricular end-diastolic pressure and 
volume. In the ethanol group, there was a significantly higher rise of end-diastolic 
pressure than in the normal, despite an elevation of end-diastolic volume proportion- 
ate to that of controls. Heart rate declined and stroke volume rose similarly in both 
groups without a change in afterload, so that the significantly higher end-diastolic. 
pressure in the experimental group does not appear to be related to these variables. 
A potential morphologic basis for the altered diastolic pressure-volume relations 
was found in sections of the left ventricle. Staining with Alcian blue showed distinct 
accumulation of a glycoprotein-like material in the interstitium of the left ventricu- 
lar wall in the ethanol group. The degree of staining ranged from 2 to 3+ on a scale 
of 0 to 4. There was virtually no staining in the normal controls. 

As a further assessment of the myocardium in alcoholic animals, high-speed, 
high-frequency electrocardiograms were obtained. QRS time was distinctly abnor- 
mal in the longer-term animals (Figure 1) (30). Similarly, the conduction time from 
the His bundle to the onset of ventricular depolarization was significantly prolonged. 
Dilatation of the intercalated disc by electron microscopy appeared to be the mor- 
phologic correlate (Figure 2). 
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Figure ] The conduction time in the ventricular wall is delayed to a greater extent in the 
longer-term alcoholic animals. (Reprinted by permission from Am. Heart J.) 
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Myocardial Metabolism 


Analyses of left-ventricular lipids revealed an increment of triglyceride in the 
ethanol group (29), which appeared as fine cytoplasmic droplets on Oil Red O stain. 
Cholesterol, phospholipid, and free fatty-acid levels were not significantly altered in 
the three layers of myocardium compared to those of the control group, while 
plasma lipid concentrations were normal. 

To explore the metabolic basis for these lipid alterations, '4C-1-oleic acid was 
administered by continuous infusion into the inferior vena cava. In the chronic- 
alcohol state no significant uptake of triglyceride was observed and free fatty-acid 
uptake did not differ significantly from controls, but '*CO, production was de- 
creased. Reduced oxidation may be secondary to diminished activity of rate-limiting 
enzymes in the citric-acid cycle, demonstrated after chronic ethanol use (31). A 
resultant enhanced availability of acyl-CoA, perhaps associated with enhanced 
glycerol acyltransferase activity (32), may account for triglyceride accumulation. 

Incorporation of labeled fatty acid into phospholipid was sufficiently reduced in 
subendocardium to diminish specific activity, despite the observation that the myo- 
cardial ('4C) free fatty-acid fraction was not reduced. This may represent interfer- 
ence with transacylation in the phospholipid molecule. A recent report of 
diminished arachidonate in cardiac phospholipids of the ethanol-treated rat sup- 
ports the view that substantial fatty-acid compositional changes occur in this lipid 
class after chronic alcohol use (33). 

A previous hemodynamic study of chronic ethanol administration in the rat has 
shown a significant decrease in “potential ventricular force” (27). In contrast, a 
definite abnormality of ventricular function was not found in the same species fed 
less ethanol, 15% by volume (28), compared to 25% in the previous series. An 
important methodologic difference existed, however, in that ventricular function 
was not tested at the uppermost segment of the ascending portion of the function 
curve. Since caloric equivalents were not provided, it is difficult to compare these 
data with the present study; moreover, species differences may exist. In a recent 
study of dogs fed ethanol in a daily quantity similar to that of the present study, 
but for a 14-week period, no hemodynamic abnormality was observed (31). This is 
consistent with the view that duration of ingestion is an important determinant. 

The importance of chronicity is also evident in the reported failure to find mor- 
phologic abnormalities of cardiac cell organelles in animals ingesting ethanol for 1-3 
months (34, 35). Dilatation of the sarcoplasmic reticulum and intercalated disk were 
the only unequivocal structural abnormalities in the relatively well-nourished ani- 
mals in this current report, findings also observed in two studies of patients with 
alcoholic cardiomyopathy (36, 37). It is problematic whether the extensive abnor- 
malities of myofibrils and mitochondria reported.in other human studies are second- 
ary to multiple episodes of heart failure or are due solely to toxicity, coexistent 
nutritional deficiency, cobalt excess, or other complications (38-40). 

Although with time most species appear to develop myocardial abnormalities, the 
duration and quantity required to develop functional or morphologic alterations 
appears to vary. Thus the rhesus monkey, surprisingly, has shown focal myocytol- 
ysis and early fibrosis after three months of ingesting ethanol as 40% of total calories ` 
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(41). It is possible that the feeding modality, relatively rapid by stomach tube, or 
the synthetic liquid diet contributed to this response. In the rat, ethanol as 10% of 
total calories has apparently produced ultrastructural abnormalities as early as 
seven weeks (42). Prior experience with rodents and their proclivity for viral infec- 
tions (43) raises the question of possible conditioning of the myocardium, with 
sensitization to the early development of lesions at relatively low doses. 


Pathogenesis of Malfunction 


At this stage of alcoholism in the dog, there was no hypertrophy, the coronary 
arteries were normal, and morpholégic studies revealed no inflammatory response 
in heart muscle to complicate the assessment of chemical composition. The changes 
in lipid metabolism were not accompanied by unequivocal abnormalities of mito- 
chondrial structure on electron micrographs, but accumulation of glycogen-type 
particles was evident. Lysosomal structures were relatively infrequent in both 
groups. Dilatation of the sarcoplasmic reticulum was a prominent feature in all 
animals receiving ethanol. Of particular interest in view of the observed prolonged 
conduction times was the finding that the undifferentiated portion of the intercalated 
disc was similarly affected. 

Conduction delay might also be effected by jera cation distribution. The 
ethanol group exhibited a significant transmural gradient of potassium ion, with 
reduction of approximately 10% in the endocardium compared to controls. The 
basis for the altered cation content is not known, but dysfunction of cell membrane 
on the basis of the change in phospholipid composition may be present. 

On the basis of the long-term observations in the canine model (29), an altered 
diastolic pressure-volume relationship appears to be based on accumulation of Al- 
cian-positive glycoprotein in the interstitium. The factors responsible for progres- 
sion to interstitial collagen accumulation as seen in man are not known. This may 
limit the rapid accessibility of calcium to intracellular sites and ultimately contribute 
to the development of heart failure. Whether independent abnormalities of intracel- 
lular calcium transport or myosin ATPase are present in long-term experiments has 
yet to be demonstrated. A difficulty in assessing the importance of these factors is 
the fact that no animal model has yet been of sufficient duration to produce frank 
heart failure. 

In considering the agent of injury in addition to ethanol, its first metabolite 
acetaldehyde can significantly depress left-ventricular function (44) when infused at 
rates that simulate blood levels associated with moderate ethanol ingestion. This 
suggests that acetaldehyde may have a role in the pathogenesis of the cardiomyopa- 
thy. Although there is no evidence that alcohol dehydrogenase is induced in the 
myocardium during chronic alcoholism, such an adaptation would presumably 
increase the concentration of acetaldehyde in the cardiac cells and enhance the 
potential for cell injury. An additional consideration involves the role of magnesium 
ion (45). Primary magnesium deficiency does produce cardiac lesions in immature 
experimental animals. Unequivocal disease in adults is difficult to demonstrate, 
however, although secondary potassium loss could have important consequences. 
As a general observation, functional and clinical abnormalities of myocardium 
frequently occur with normal serum levels of this cation. 
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PRECLINICAL MALFUNCTION IN MAN 


To determine whether there is an equivalent functional abnormality in man, studies 
were undertaken of alcoholic subjects with no symptoms or clinical evidence of heart 
disease or malnutrition (8). Documentation of 10-15 years of alcoholism and the 
type of ethanol used was obtained from the patients’ histories or from close relatives. 
Whiskey was the predominant alcoholic beverage consumed several times a week 
in amounts ranging from 0.5-2 pints/day. Liver biopsy revealed fatty liver without 
fibrosis. Left-ventricular performance was studied by increasing afterload with angi- 
otensin. The noncardiac alcoholic exhibited a significantly greater rise of ventricu- 
lar end-diastolic pressure with a minimal increment of stroke volume compared to 
nonalcoholic controls, confirmed in a subsequent study (46). Diminished ventricular 
performance has also been observed during exercise in cirrhotic patients without 
clear evidence of cardiac disease (47). Noninvasive studies that measure systolic time 
intervals have also confirmed that many asymptomatic subjects have modest depres- 
sion of left-ventricular function (48, 49). It is noteworthy that noncardiac alcoholics 
have been shown to accumulate Alcian-positive material in the myocardial inter- 
stitium (Figure 3) (50), which may be a basis for the functional abnormality, as 
postulated in the canine studies (29). Some degree of interstitial fibrosis may be 
present at this stage, as suggested by postmortem studies of accident victims who 
were alcoholic (51). 


CARDIAC FAILURE 


To test the thesis that cumulative effects of ethanol over a period of time may result 
in cardiac abnormality despite adequate nutrition, a well-compensated patient was 
fed Scotch whiskey for a period of 5⁄2 months at a daily dose of 12-16 oz (8). 
After an interval of 6 weeks (Figure 4), resting heart rate began to rise and there 
was prolongation of circulation time and elevation of venous pressure without 
evidence of malnutrition. After 4 months, a ventricular gallop rhythm appeared, 
which persisted until ethanol was interrupted. Subsequently, without specific car- 
diac therapy, there was spontaneous restoration to normal. A major role of ethanol 
in the production of left heart failure in this subject was substantiated by the gradual 
reversion of the cardiocirculatory abnormality after alcohol ingestion was inter- 
rupted. This observation supports the thesis that the myocardial disease is reversible 
at certain stages if intake of ethanol is discontinued. 

In circumstances marked by progression of cardiac dysfunction, pulmonary con- 
gestion may lead to exertional or nocturnal dyspnea. If long sustained, or after 
repeated episodes, pulmonary hypertension and right heart failure may become 
evident. Unless there is complicating papillary muscle insufficiency giving rise to 
mitral regurgitation, cardiomegaly may be moderate in extent and heart size may 
revert to near normal after central congestion is corrected. In some patients, sys- 
temic or pulmonary emboli from mural thrombi may adversely effect the patient’s 
course. These clinical episodes frequently seem to be precipitated by intensified 
drinking episodes. 
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Figure 3 Alcian blue-positive glycoprotein accumulated in left-ventricular interstitium 
between muscle fibers. None was present in control. (Reprinted by permission from Circu- 
lation.) 
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Figure 4 These are observations in a single, well-nourished patient receiving daily Scotch, 
which resulted in evidence of heart failure. The failure regressed without medical treatment 
after interrupting alcohol intake. (Reprinted by permission from J. Clin. Invest.) 


Several reports of cardiomyopathy have emphasized the difficulty in obtaining a 
history of alcoholism (2-4). There is a male predominance, and suggestive diagnos- 
tic aspects include social disruption, accident-proneness, and a familial history. The 
major positive diagnostic feature is the history of ingesting ethanol in intoxicating 
amounts for many years, frequently with spree episodes. This information may often 
be obtained only through persistent questioning of the patient or from relatives. 
Negative aspects include exclusion of other causes of heart disease, namely hyper- 
tension, coronary-artery disease, cor pulmonale, and congenital or valvular disease. 
Other forms of cardiomyopathy (viral, infiltrative, metabolic, etc) must also be 
considered. In addition to the usual lack of specificity of the. clinical signs and 
symptoms, high diastolic arterial blood pressure is not infrequently found during 
periods of severe congestive heart failure, which may lead to the false diagnosis of 
hypertensive heart disease. The blood pressure returns to normal following response 
to therapy. Hepatic cirrhosis and clear evidence of peripheral neuritis are not 
frequently present in patients with alcoholic cardiomyopathy. 

Not only are quantity, frequency, and duration of ethanol intake difficult to assess, 
but their relationship to organ pathology is not straightforward. It is probable that 
these factors have a similar importance for the varied chronic disease secondary to 
alcohol abuse, so that information in relation to liver disease for which there is more 
complete data may in a general way be applicable to the heart. Alcoholic hepatitis 
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usually develops after years of excessive drinking, although in a few patients it 
appears within a few years, but it may not develop in many even after several 
decades of drinking (52). Over 80% were drinking five years or longer before 
developing symptoms. The probability of developing alcoholic hepatitis is small in 
those who drink less than 80 g/day of ethanol (approximately 8 oz of 86-proof 
whiskey or 1 liter of wine) (53-55), or if ethanol provides less than 20% of total 
calories (56). As the daily ethanol consumption increases to 80-160 g/day and the 
duration of drinking becomes longer, the risk of developing alcoholic liver disease 
increases (57, 58). The probability of alcoholic hepatitis or cirrhosis is great if the 
daily ethanol consumption exceeds 160 g (for example, two thirds of a bottle of 
whiskey, the approximate daily metabolic capacity of an average nondrinking per- 
son), and if the drinking—either steady or in sprees—persists for 10-15 years or 
longer (56-59). It is noteworthy that the rate of ethanol metabolism can be high 
enough to permit the consumption of large amounts without raising the blood 
ethanol level over 80 mg/100 ml, the concentration at which the conventional breath 
analyzer begins to detect ethanol (60). 


Atypical Myocardial Infarction 


Precordial pain is not infrequently observed in myopathies of varied etiology; how- 
ever, the association of alcoholism with the clinical syndrome of acute myocardial 
infarction has not previously been observed. Transmural myocardial scar has been 
found at postmortem examination in subjects with alcoholism and without signifi- 
cant coronary atherosclerosis. To elucidate this realtionship, alcoholic subjects ad- 
mitted to a coronary-care unit (CCU) with unequivocal evidence of acute 
transmural myocardial infarction were investigated (50). Ten of twelve were without 
traditional coronary risk factors. Those with prior ECG’s frequently exhibited 
absent Q waves in Leads I, Vs, and V,, which became manifest as the infarction 
evolved. Examination of the coronary arteries at postmortem or by angiography 
revealed no significant occlusive lesions. 

Morphologic examination of the myocardium revealed concentric periarterial 
fibrosis, which was postulated to restrict coronary-flow increments during periods 
of high—-blood flow requirements. This phenomenon is considered analogous to 
cardiac-muscle necrosis associated with the periarterial lesions of constrictive peri- 
carditis, perhaps conditioned by the abnormal metabolism of cardiac cells in chronic 
alcoholism. 

A thromboembolic process was deemed unlikely in this study on the basis of 
several observations. The patients without previous infarction did not have prior 
heart failure, cardiomegaly, evidence of arrhythmias, or valvular disease, which 
appear to be prerequisites for embolization from the left heart chambers (61). 
Thrombocytosis and drugs affecting platelets were also not present. These patients 
were considered to have a preclinical form of toxic heart-muscle disease prior to 
infarction and mural thrombi have not been described at this stage. 

Crucial to the thromboembolic postulate is the demonstration in such patients 
that emboli emanating from the left heart are distributed to the systemic circulation 
in an incidence approximating that of proven mural thrombi. As a clinical model 
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for the distribution of emboli in the arterial circulation, patients with prosthetic 
valves and a relatively high incidence of embolization show a striking noncoronary 
preponderance (62). None of the total of 12 patients in this series, representing 20% 
of CCU admissions for the given period, had evidence of embolization to any organ. 
Since angiography was not feasible during acute infarction, the presence of thrombo- 
embolism was assessed indirectly by serial determinations of circulating platelet 
levels, which are known to be altered during systemic thromboembolic phenomena 
(63, 64). The absence of a change in platelet count during the first day suggested 
that accelerated platelet turnover as a reflection of arterial thromboembolism was 
unlikely in these patients. 


ECG, CONDUCTION, AND ARRHYTHMIAS 


Occasionally, palpitation is a major complaint in alcoholic cardiomyopathy and is 
presumably due to cardiac arrhythmias. A recent report indicates that atrial ar- 
rhythmias may occur in alcoholics who have not experienced heart failure, and 
present with palpitation or syncope (65), without recurrence unless heavy ethanol 
ingestion is resumed. The arrhythmia often regresses spontaneously. Sinus tachy- 
cardia associated with ventricular premature beats has been suggested as an impor- 
tant clue to the diagnosis of alcoholic cardiomyopathy, but this combination is 
common in other forms of heart disease. On the ECG, abnormalities of repolariza- 
tion are the rule, but the spinous or cloven-shaped T waves originally described by 
Evans (66) are found infrequently. Furthermore, these changes appear to be related 
to cardiac-muscle damage rather than to a specific cause. Whether or not there are 
early electrocardiographic abnormalities that antedate clinical disease is obviously 
of interest. Levine and his co-workers concluded that the sharpness of T waves was 
the only possible electrocardiographic clue to alcoholism (67). The absence of septal 
Q waves in the alcoholic has been suggested as grounds for considering the diagnosis 
of cardiomyopathy (68). Gross conduction changes in the form of AV block and 
left- or right-bundle branch block occur in a minority of patients. 

It is important to be aware that sudden unexpected death, thought to be due to 
ventricular fibrillation, has been observed in a relatively high incidence in a group. 
of young adult alcoholics (69). These subjects had fatty livers as the principal 
pathologic finding. Additional information in this regard is derived from a study of 
outpatient alcoholics in Oslo, in whom an increased incidence of sudden cardiac 
death was observed (70). Experimental evidence of a reduced fibrillation threshold 
in a chronic-ethanol animal model (71) provides further support for this phenome- 
non. 


TREATMENT AND REVERSIBILITY 


Management of alcoholic cardiomyopathy depends on the state of the disease. when 
the addicted individual is first seen. Even in the absence of cardiac failure or 
enlargement, patients with unexplained arrhythmias or absent septal Q waves 


ETHANOL AND MYOCARDIUM 405 


should raise a high index of suspicion requiring verification of a negative history for 
alcoholism. The key to treatment at all stages involves complete abstinence. The 
alcoholic with cardiac abnormality may be approached effectively on an individual 
physician-patient relation as well as in group therapy. 

+ In the only available study of its kind (72), almost one third of patients followed 
on an outpatient basis were found to have apparently maintained abstinence over 
a three-year period (Table 1). The majority of these had an improved or unchanged 
cardiac status. Deaths occurred preponderantly in those who did not abstain. Some 
uncertainties exist, since the relative cardiac status on admission to the study was 
not described. It is noteworthy that over 20% of those who were allegedly abstinent 
deteriorated in cardiac status. Presumably, at certain stages of the disease the 
pathogenetic mechanisms may continue unabated. 

After the onset of clinical manifestations, traditional antiarrhythmic agents, dc 
countershock, digitalis, and diuretics may be used as needed. Electrolyte abnormali- 
ties may exist either during the acute stage or can develop readily in patients with 
low salt intake or during diuresis. Since thromboembolism from endocardial - 
thrombi is a prominent feature, occurring in as many as 80% of individuals in one 
series.(73), anticoagulants are important. Finally, where facilities are available, 
prolonged bed rest can reduce the size of an excessively dilated heart and, more 
importantly, may: contribute to control of alcohol intake (74). 


CONCLUSION 


The widespread use of ethyl alcohol suggests its potential importance in clinical 
medicine. There is no proven therapeutic effect in cardiac patients and its role as 
an etiologic factor in heart disease has been disputed over the years and attributed 
to coexistent malnutrition. The latter factor, however, has been dissociated from 
ethanol use in many patients with the cardiomyopathic form of heart failure. 
Major support for the role of ethanol as a toxic agent when used in large amounts 
for a prolonged period has been obtained in various species of animals, including 
the subhuman primate. Abnormalities include depression of ventricular function, 
and metabolic and morphologic changes that parallel the changes in humans with 
preclinical malfunction of the heart. While the mechanism of progression to heart 
failure or arrhythmias is not known, several factors may be associated. These 
include, particularly in males, the cumulative effects of ethanol alone or after inten- 
sified drinking episodes, simultaneous exposure to trace metals in excess, and occa- 


Table 1 Course of alcoholic cardiomyopathy (3.3 years); N=57 © 
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A improved 0 11/15 
B same 0 3/12 
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sional specific nutritional deficiency or superimposed infection. The low prevalence 
of clinical nutritional deficiency in patients with alcoholic cardiomyopathy and the 
infrequency of heart disease in patients with cirrhosis or neuropathy supports the 
view that the cardiac abnormality is commonly not dependent on malnutrition. 

Clinical data indicate that the cessation of alcohol intake may reverse the disease 
or interrupt its progression in many patients. However, the pathogenetic process 
may continue unabated in some patients who become abstinent. 
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INTRODUCTION 


The use of BCG vaccine in the prevention of tuberculosis has long been a controver- 
sial and emotionally charged issue in the United States. Although available in this 
country, BCG vaccine has been used but little in the prevention of tuberculosis. In 
contrast, BCG vaccination has been the major thrust of the World Health Organiza- 
tion’s efforts to control tuberculosis in countries with high rates of transmission, and 
is credited with a major role in reducing tuberculosis morbidity. 

In controlling tuberculosis in the United States, reliance has been placed by public 
health authorities on early detection of new cases using the tuberculin skin test, 
prompt chemotherapy, and preventive isoniazid treatment of household contacts, 
skin-test converters, and other high-risk groups with positive skin tests. 

The validity of this approach has been evident, for tuberculosis has declined 
sharply in the United States during the past several decades. United States Public 
Health Service data (1, 2) indicate that in 1953 there were 84,000 new cases of 
tuberculosis and 19,700 deaths due to tuberculosis; in 1975 there were only 33,500 
new cases, and the number of tuberculosis deaths had declined to 3,500. Other, more 
general factors, such as improved nutrition and the gradual increase in standard of 
living that has characterized the United States economy, have unquestionably con- 
tributed to the decline in tuberculosis morbidity. There remain, however, localized 
foci or “pockets” of tuberculosis transmission in the United States, particularly in 
areas in which, preventive medical services are less well developed or cannot be 
effectively delivered. 

This review examines the history of BCG vaccine, the evidence that can be 
brought to bear on its efficacy and safety, and the current problems and unanswered 
questions that attend its use, and finally suggests circumstances under which BCG 
vaccine may be appropriately used in the United States. 
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The use of BCG vaccine as a nonspecific immunostimulant in cancer chemother- 
apy is the subject of a rapidly increasing body of literature. This review focuses only 
on the use of BCG in preventing tuberculosis; there are, however, some problems 
common to both uses of this product. 


RATIONALE FOR VACCINATION AGAINST TUBERCULOSIS 


Earlier in this century, most people eventually became infected with tubercle bacilli, 
as demonstrated by skin-test positivity. However, only a small proportion of those 
who were infected developed overt tuberculous disease. Most people who were 
infected appeared to have acquired a degree of resistance against developing tuber- 
culosis upon subsequent exposure, which earlier in this century was frequent and 
virtually unavoidable. 

As a result of the immunologic studies of Mackaness (3-7) and the clinical work 
of Stead (8-13), among others, immunity.in tuberculosis is now better understood 
in terms of modern immunologic concepts, and the “unitary concept” of the patho- 
genesis of tuberculosis in man is generally accepted. Thus, primary infection with 
tubercle bacilli results in activation of host cell-mediated immune mechanisms, and 
is reflected clinically in the appearance of a positive tuberculin skin test. If the 
primarily infected person has received a large dose of tubercle bacilli, or if cell- 
mediated immune mechanisms do not respond optimally, the individual may go on 
to develop overt clinical tuberculosis. Most frequently, however, the tuberculous 
infection is localized by the host cell-mediated immune mechanisms, resulting in a 
dormant or latent infection, which may (a) remain dormant for life, or (b) reactivate 
at some time in the future. Reactivation is frequently, but not invariably, associated 
with conditions known to modify host cell-mediated immune mechanisms, such as 
malnutrition, diabetes, malignancy, or steroid therapy. 

There is abundant clinical and experimental evidence that tuberculin positivity, 
reflecting activated cell-mediated immune mechanisms, confers protection against 
exogenous exposure to tuberculosis (8). Such individuals are, however, at risk of 
reactivation or “breakdown” tuberculosis. Tuberculin-negative individuals are sus- 
ceptible to primary infection, but by definition are not at risk of reactivation tuber- 

_culosis. 

The use of BCG vaccine, an attenuated strain immunologically closely related to 
virulent Mycobacterium tuberculosis, attempts to gain the advantage of protection 
conferred by activated host cell-mediated immune mechanisms without risking 
progressive disease in man. 


HISTORY OF BCG VACCINE 


The bacillus of Calmette and Guérin, known as BCG, was originally derived from 
a virulent strain of Mycobacterium bovis, attenuated by 231 serial passages over a- 
period of 13 years on beef bile-containing medium (14). The early studies of Cal- 
mette & Guérin at the Pasteur Institute showed that animals immunized with this 
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culture developed increased resistance to a challenge dose of virulent tubercle bacilli 
(14). BCG vaccine was first administered by mouth to newborn infants in 1921 (15), 
and since then has been administered to more than a 100 million persons of all ages 
(16). 

The organism was maintained by serial passage at the Pasteur Institute, and in 
the decades following its description, was subcultured and distributed to hundreds 
of laboratories in many countries. In those laboratories, many of which produced 
their own BCG vaccines, the strain was similarly maintained by serial subculture. 
It became apparent over 25 years ago that serial subculturing on differing media in 
many different laboratories had resulted in the production, by inadvertent selection, 
of many different “daughter” BCG strains that differed, sometimes widely, in gross 
morphology, growth characteristics, biochemical activity, sensitizing potency, and 
even animal virulence (17-23). It was not possible, of course, to carry out direct 
comparisons of any of the BCG “daughter” strains to the original bacillus of 
Calmette & Guérin. In the last two decades, most production laboratories have 
adopted a seed-lot system, maintaining production strains in a lyophilized state, in 
an attempt to minimize the genetic variation that is unavoidable in serial subculture 
(24). The situation currently is thus one of many laboratories producing BCG 
vaccine using their own “daughter” strain, preserved in a seed-lot system. The 
production strains are generally named by the city in which the production labora- 
tory is located, e.g. Paris, Copenhagen, London, Montreal, Rio de Janeiro, etc. Thus 
there is no one BCG vaccine; there are, rather, dozens of different BCG “daughter” 
vaccines. 


VACCINE PRODUCTION 


Current requirements of the Bureau of Biologics, US Food and Drug Administra- 
tion, specify that the vaccine production strain must have been maintained as a 
lyophilized primary seed lot, but do not specify the use of any particular strain. It 
is required only that the source of the vaccine strain be identified by complete 
historical records (25). 

In most production laboratories, the bacilli are grown as a pellicle on the surface 
of liquid Sauton medium, or dispersed throughout Sauton medium. An early har- 
vest, 6-9 days, is considered important for good survival after freeze-drying. After 
filtering and pressing, the semi-dry mycobacterial mass is homogenized at a con- 
trolled temperature, diluted, and subsequently freeze-dried (26). 

Routine quality control carried out by production laboratories generally includes 
an identity test; tests for contamination; safety test in guinea pigs; estimate of total 
bacillary mass by opacity and dry weight; viability determined by oxygen uptake, 
germination rate, or colony count; and tests of heat stability. Such routine tests are 
particularly important for insuring lot-to-lot uniformity. 

Additional proposed federal requirements, not yet formally adopted, include the 
necessity of demonstrating that production lots of BCG vaccine are incapable of 
producing progressive tuberculosis in guinea pigs, and induce tuberculin skin-test 
positivity using 5-10 tuberculin units (TU) of purified protein derivative (PPD) in 
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90% or more of a sample of persons, previously tuberculin-negative, after being 
given BCG vaccine (25). 


SAFETY OF BCG VACCINE 


The early history of BCG vaccination was tarnished by the Lubeck catastrophe, in 
which 72 of 251 infants died of tuberculosis following BCG vaccination. That 
disastrous episode was subsequently shown to be due to contamination of the 
vaccine by a strain of virulent tubercle bacilli (27), Excluding that episode, therefore, 
the safety of BCG vaccine has never been a serious issue. Progressive disease has 
occasionally been reported in immunosuppressed hosts, particularly in hosts with 
defects of cell-mediated immune mechanisms (28). In summarizing the world’s 
literature through 1968, however, Mande could find only 13 fatalities reported as 
being due to BCG vaccination (29). In countries in which BCG is regularly used 
in the immunization of infants, for example Sweden and Finland, osteomyelitis due 
to BCG has recently been reported with a frequency as high as 5 per 100,000 among 
newborns (30). Although worrisome in areas where BCG is regularly used to 
_ vaccinate infants, this finding does not substantially detract from the generally 
excellent safety record of BCG vaccine. 


EFFICACY OF BCG VACCINES IN HUMANS 


Sutherland notes seven large, acceptably controlled trials of BCG vaccine (31). 
These are summarized in Table 1. Since these are the critical trials, they are de- 
scribed in some detail, as are a few additional trials that provide relevant informa- 
tion. 


Field Trials Showing Excellent Protection 


The first was reported by Stein & Aronson in 1953 (32), and carried out among eight 
North American Indian tribes. The period of intake into the study was 1935 to 1938, 
and individuals from 0 to 20 years were included. The criterion of eligibility was 
negativity to 250 T.U. of PPD. The source of the vaccine was the Henry Phipps 
Institute in Philadelphia. The duration of follow-up was 9 to 11 years; there were 
approximately 1500 subjects each in the unvaccinated and BCG groups. Two hun- 
dred and thirty-eight cases of tuberculosis occurred in the unvaccinated group, and 
64 in the BCG group; the protective efficacy was calculated to be approximately 
80%. 

Another study showing a high degree of protection was that carried out by 
Rosenthal et al, reported in 1961 (33), of Chicago infants in high-risk areas. The 
period of intake was 1937 to 1948. Children under 3 months were immunized with - 
no initial tuberculin testing. The source of the vaccine was the Tice Laboratory in 
Chicago, and follow-up ranged from 12 to 23 years. There were approximately 1700 
subjects each in the unvaccinated and BCG groups. Sixty-five cases of tuberculosis 
occurred among the unvaccinated, and 17 among the BCG group. The protective 
efficacy was found to be 75%. 
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Table 1 Summary of seven large controlled trials of BCG immunization against tubercu- 
losis# 











Duration of Percentage 








Intake Vaccine observation protection 

_ Trial Reference period laboratory (years) from BCG 

North America: Stein & Aronson 1935-38 Phipps 9-11 80 
Indians 1953 (32) - 

Chicago: Rosenthal et al 193748 Tice 12-23 75 
infants 1961 (33) 

Britain: Medical Research Council 1950-52 Copenhagen 15 78 
schoolchildren 1972 (34) 

Georgia: Comstock & Webster 1947 Tice 20 = 
schoolchildren 1969 (38) 

Puerto Rico: Palmer et al 1949-51 NY State S- 31 
children 1958 (35) 

Georgia, Alabama: Comstock & Palmer 1950 Tice 14 14 
population 1966 (39) . 


Southern India: Frimodt-M¢ller et al 1950-55 Madras 2-7 60/31 
rural population 1964 (37) . 





4 Adapted from Sutherland (31). 


The third trial showing excellent protection was that from the Medical Research 
Council, (MRC) of Great Britain, as reported most recently in the WHO Bulletin 
in 1972 (34). The period of intake was from 1950 to 1952, and the subjects were 14- 
to 15-year-old British school-leavers. The criterion for eligibility was a skin-test 
response less than 5 mm to 100 T.U. of old tuberculin. The source of vaccine was 
the Statens Seruminstitut in Copenhagen, and the duration of follow-up was 15 
years. There were approximately 13,000 subjects each in the unvaccinated and BCG 
groups. Two hundred and forty cases of tuberculosis occurred among the unvac- 
cinated, and 56 in the BCG-vaccinated; the protective efficacy was 78%. 


Field Trials Showing Mediocre Protection 


Two studies show wholly mediocre protection. The first was the study reported by 
Palmer et al, in 1958 (35, 36), from the general population in Puerto Rico, one of 
the USPHS-sponsored BCG trials. The period of intake was from 1949 to 1951, and 
included children from 1 to 18 years. The criterion for eligibility was a reaction less 
than 6 mm to 10 T.U. of PPD. The vaccine was prepared by the State Department 
of Health in Albany, New York. The duration of follow-up varied from 51% to 
7% years, with a mean of 6.3 years. There were approximately 27,000 in the 
unvaccinated population and 51,000 in the BCG-vaccinated population. Seventy- 
three cases of tuberculosis occurred in the unvaccinated group, and 93 in the BCG 
group, a protective efficacy of 31%. 

The second study showing mediocre protection was reported by Frimodt-Mgller 
et al, in 1964 (37), carried out in a rural population in South India. The intake period 
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was 1950-1955, and included all ages. The criterion for eligibility was a reaction of 
less than 5 mm to 5 T.U. of old tuberculin. The source of the vaccine was the BCG 
laboratory in Madras, India, and the duration of follow-up was 24-7 years. There 
were approximately 6000 people in the unvaccinated group, and 5000 in the BCG 
group. The initial estimate of efficacy was 60%. In a subsequent report, however, 
cited in the MRC study (34), when follow-up was extended to 9-14 years, the 
efficacy figure declined to 31%. 


Field Trials Showing Poor or No Protection 


Two studies cited by Sutherland show little or no effect of BCG. These were both 
USPHS-sponsored studies. 

The first is the Muscogee County Study in Georgia, as reported by Comstock & 
Webster in 1969 (38). The period of intake was 1947, and included children of age 
6-17 years. The criterion for eligibility was a reaction of less than 5 mm to 100 T.U. 
of PPD. The source of the vaccine was the Tice Laboratory in Chicago, and the 
duration ‘of follow-up was 20 years. There were approximately 2300 subjects in the 
unvaccinated group and 2500 in the BCG-vaccinated group. Three cases of tuber- 
culosis occurred in the unvaccinated group, and 5 in the BCG group, yielding a 
protective efficacy of nil. 

The second study was carried out in the general population of Georgia and 
Alabama, reported by Comstock & Palmer in 1966 (39). The period of intake was 
1950, and included individuals over 5 years of age. The criterion for eligibility was 
a reaction of less than 5 mm to 5 T.U. of PPD tuberculin. The vaccine was again 
provided by the Tice Laboratory in Chicago, and the duration of the follow-up was 
14 years. There were approximately 18,000 individuals in the unvaccinated group, 
and 17,000 in the BCG group. Thirty-two cases of tuberculosis were observed in the 
unvaccinated group and 26 in BCG group, yielding a protective efficacy of 14%. 

Thus, in the seven controlled field trials cited, a strikingly wide range of protective 
efficacy was seen, ranging from 0 to 80%. As far as it is possible to judge, each of 
these trials was methodologically reliable, and provided a valid estimate of the 
efficacy of the trial vaccine in the population in which it was used. They have not, 
to date, been successfully challenged on ‘scientific grounds, in spite of a recent 
unconvincing editorial attempt to challenge the MRC trial on the grounds of bias 
in follow-up (40). Methods of case detection have been variable, however, and are 
critically important in those trials in which the detected incidence of tuberculosis 
in the control group was already quite low. 

Several additional smaller-scale controlled or uncontrolled studies provide rele- 
vant, albeit contrasting, information. 

In a study ‘of Canadian Indian infants vaccinated at birth during the years 1933- 
1945 (41), BCG conferred protection in a highly infectious environment, 68.7% of 
children being infected at an average age of 9. The vaccine used was prepared by 
Dr. Armand Frappier, Director of the Institute of Microbiology and Hygiene at the 
University of Montreal. There were 306 vaccinated infants and 303 controls, ran- 
domly allocated. The percentage of manifest tuberculosis was in-the ratio of 1:4.85 
comparing the vaccinated with controls, an efficacy of almost 80%. 
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Quite in contrast, Levine & Sackett reported in 1946 (42) the results of their 
studies of BCG vaccination of infants in New York City. The study ranged over the 
period 1926 to 1944, and the vaccine used was prepared by the Phipps Institute in 
Philadelphia, the same source of vaccine as used in the Aronson study in American 
Indians. Between 1926 and 1932, the infants were divided into two groups according 
to whether the mother wished her baby to be vaccinated or not. Tuberculosis 
mortality was reduced almost 6-fold in the vaccinated group as compared to the 
controls. During the period from 1933 to 1944, the mode of allocation into groups 
was randomized as follows. Consecutive mothers were asked whether they would 
like to have their children vaccinated. Those who refused were not considered 
further. To the children of the mothers who were willing to accept vaccination, BCG 
vaccination was given alternately without selection. Under these circumstances, 
with over 500 children in each group, the vaccine efficacy appeared to be nil. 

Bettag and associates reported in 1964 (43) the results of a BCG study done at 
the Lincoln State School, a state institution for the mentally retarded in Illinois. 
Vaccination was carried out in 1947 among participants determined to be negative 
to both 1:1000 and 1:100 old tuberculin. The BCG used was prepared and adminis- 
tered by the Tice Laboratory in Chicago. A follow-up evaluation was made 13 years 
later, in 1960. The evaluation revealed that 12 of the BCG-vaccinated individuals 
had developed tuberculosis, 5 of whom died. Among the control group of approxi- 
mately equal size, 8 had developed tuberculosis, with 3 deaths. There were thus 
more cases of tuberculosis among the vaccinated than among the nonvaccinated, 
although the deviation from zero protection was not significant. 

Again in contrast, Hyge reported in 1957 (44) an unusual tuberculosis epidemic 
observed in a Danish state school for young girls. The epidemic resembled a con- 
trolled experiment in that it involved 105 initially tuberculin-negative girls, 133 
BCG-vaccinated girls, and 130 initially tuberculin-positive girls, nearly all of whom 
were exposed to the same massive infection under the same conditions. Of the 105 
tuberculin-negative girls, 70 converted to positive, and almost 60% of the converters 
developed primary tuberculosis. Almost one third of those with primary tuberculo- 
sis developed chronic pulmonary tuberculosis. Of the 133 BCG-vaccinated girls, 
there were no cases of primary tuberculosis, and only two girls who subsequently 
developed chronic pulmonary tuberculosis. Among the 130 originally tuberculin- 
positive girls, 9 cases of progressive pulmonary tuberculosis appeared during the 12 
years of observation. There were thus eight times as many cases of post-primary 
tuberculosis in the tuberculin-negative group as in the BCG-vaccinated group, and 
the total incidence of tuberculosis, primary plus post-primary, was 23 times as high 
among the tuberculin-negative as among the BCG-vaccinated girls. The source of 
the vaccine used was not specifically stated, but was most probably from the Statens 
Seruminstitut in Copenhagen. 

How can such widely disparate results be explained? Three possibilities seem to 
merit serious attention. 

First is the explanation for the poor results found in the Georgia-Alabama trials 
by Palmer and his colleagues. Palmer suggested (45) that in areas where nonspecific 
tuberculin sensitivity was common, as is true throughout much of the southeastern 
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United States, a large proportion of the population had already acquired some 
natural immunity against virulent tuberculous infection from atypical mycobac- 
terial infections. In this situation, vaccination with BCG would only supplement the 
immunity that already existed and would make a relatively smaller apparent contri- 
bution to protection than in areas that were essentially free from atypical mycobac- 
terial infections. This hypothesis has been experimentally supported in guinea pigs, 
showirig that infection with other mycobacteria did indeed confer protection against 
subsequent virulent challenge (45). This protection, however, was always less than 
was conferred by BCG. Palmer suggested that this explanation could, at least in 
part, reconcile the widely differing findings of the MRC trial in Great Britain and 
those in the Southeastern United States. 

Hart, however, subsequently showed that while differences in the frequency of 
other mycobacterial infections could well have contributed to this difference, it was 
unlikely to be the whole story (46). If none of the subjects in the Georgia-Alabama 
trial had any natural protection from other mycobacterial infections, the apparent 
efficacy of the vaccine in that population would have risen from the actual 14% to 
only 25%. He postulated that some other influence must be operating, and suggested 
that the vaccine used in the Georgia-Alabama trial must have been less potent than 
the Danish strain used in the MRC trial. 

This is the second possibility that merits attention, namely that different products 
all labeled as BCG may differ widely in their immunizing effect, and that this could 
be the main reason, or even the only one, for the mutally contradictory results of 
different BCG trials. 

At this date, it is difficult, if not impossible, to ascertain whether the vaccines, the 
technique of administration, or both were responsible for the divergent results noted 
in controlled field trials. There is corroborating evidence, however, that BCG strains 
used in vaccine production by the laboratory supplying vaccine for two of the field 
trials that showed no protection were very weak in terms of multiplication, aller- 
genic potency, and protection in animals (47, 48). 

The third possibility is one recently suggested by Sutherland (31). He had ob- 
served that areas with a high incidence of tuberculosis in the unvaccinated group. 
showed a high efficacy of BCG vaccine, whereas those with a low incidence of 
tuberculosis in the unvaccinated group showed a low efficacy, suggesting that the 
efficacy of BCG may be greater in an area where there is much tuberculosis than 
in an area where there is only little. If this relationship is genuine, it suggests that 
the superinfection of vaccinated subjects with virulent tubercle bacilli or other 
mycobacteria may be necessary to maintain the protection conferred by BCG vac- 
cine. This concept is not without its parallels in other infectious diseases, but has 
not heretofore been suggested for tuberculosis and BCG vaccine. There is no direct 
evidence by which to judge this hypothesis, and the suggested relationship between 
endemic infection rate and protection from BCG must remain no more than an 
intriguing possibility for the present. 

All of the controlled field trials cited previously were carried out using liquid BCG 
vaccines. There have thus far been no controlled field trials of freeze-dried BCG 
vaccines reported, though one is currently in progress in India. To date the only 
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evidence supporting the efficacy in man of freeze-dried BCG vaccine is wholly 
uncontrolled. The results of that trial suggest, but do not prove, that the freeze-dried 
vaccine prepared by Glaxo Laboratories is as effective in man as the liquid Copenha- 
gen vaccine used in the MRC trial in Great Britain (49). 

On the basis of presently available information, therefore, judgements concerning 
the efficacy of currently available BCG vaccines can be made only by inference. 


CURRENT PROBLEMS AND UNANSWERED QUESTIONS 


Marked differences in the immunogenic and sensitizing potency of BCG strains were 
demonstrated over 20 years ago (17-23). During continuous serial subculturing, the 
traditional way of maintaining strains prior to the introduction of seed-lot systems, 
the emergence of mutant strains was unavoidable. Mutants that have a faster growth 
rate in vitro than the parent cells can, in a relatively shorter period of time, emerge 
as the dominant strain. There have been striking spontaneous changes in such 
attributes as morphology, pigmentation, rate of growth, and even in the ability to 
protect animals against experimental infection. In the case of such marked phenoty- 
pic change, the “daughter” strain can no longer be regarded as the same as the 
parent strain. Seed-lot systems have been used to preserve BCG strains for little 
more than a decade. There is no single scientifically defined entity known as BCG 
vaccine; there are rather many different BCG vaccines, with varied biological char- 
acteristics, varied animal virulence, and almost surely varied immunizing potency 
in man (50-54). 

The need for further strengthening of animal-model systems was highlighted by 
the recent report of Wiegeshaus and associates (55). In order to determine whether 
the method by which a vaccine was tested was a major factor contributing to the 
results, an experiment was conducted in which 5 different vaccines were distributed 
to each of 9 participating laboratories. Each investigator evaluated the potency of 
the vaccines in one or more animal models of his own choosing. Thus the method 
of vaccine preparation remained constant, but all other variables were permitted to 
change. The ranking of the 5 vaccines was essentially random, demonstrating that 
the method by which-the vaccine is tested in animals markedly influences its appar- 
ent potency. 

Nevertheless, many authorities consider that there is some correlation between 
the potency of vaccine for animals and its protective potency for man (54, 56). BCG 
vaccine with a high potency in animals may be expected to induce strong and 
long-lasting protection against tuberculosis in man, whereas a vaccine with low 
potency for animals may be virtually worthless for vaccination of humans. Thus it 
would seem reasonable to choose for the production of vaccines only strains that 
are metabolically fully active, have good immunogenic potency in animals, and 
induce strong and lasting tuberculin sensitivity in humans. 

One further controlled field trial of BCG vaccine is currently in progress in India, 
supported by the World Health Organization and the US Public Health Service. 
This is the only controlled field trial of freeze-dried vaccines, and has utilized 
vaccines from several production laboratories at several dosage levels. This may well 
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be the last opportunity to carry out well-controlled field trials of tuberculosis im- 
munoprophylaxis, and the results will be awaited with considerable interest. Per- 
haps this trial will provide a scientific basis on which to recommend that all BCG 
vaccines be prepared from the same seed-lot strain of demonstrated efficacy in man. 


A ROLE FOR BCG VACCINE TODAY? 


This has long been a controversial issue in the United States. The proper use of BCG 
vaccine is to prevent tuberculosis, but controversy has arisen when attempts were 
made to define the groups of individuals or populations that would benefit from 
‘BCG vaccination. 

Springett (57) has critically reviewed the circumstances under which the use of 
BCG vaccine should be considered. He concluded that in communities or age groups 
in which annual tuberculin conversion rates are 0.5-1% or more, BCG vaccination 
is justified on a cost-benefit basis. Where skin-test conversion rates are less than 
0.5% annually, as is true in most of the United States, the tuberculosis attack rate 
in tuberculin-negative individuals becomes so low that BCG vaccination is no longer 
economically justified. 

Since the present approach to tuberculosis control in the United States has in 
general been quite successful, and since transmission of tuberculosis in this country 
is already at a very low level, it is clear that BCG vaccine has no broad public-health 
role to play in preventing tuberculosis. The greatest risk of overt, active tuberculosis 
in this country resides in the tuberculin-positive population, and BCG vaccination 
would not alter this risk. Thus there is no rationale for mass use of BCG vaccine 
in this country. 

There are, however, residual foci of tuberculosis transmission at high rates, and 
other selected instances of unavoidable repeated exposure of tuberculin-negative 
individuals to infectious patients. It is this kind of circumstance in which the use 
of BCG vaccine merits serious consideration. In contrast to previous highly restric- 
tive statements (58), recent recommendations of advisory bodies such as the Public 
Health Service Advisory Committee on Immunization Practices (59) have adopted 
a rather more permissive stance, and have viewed BCG vaccine as an adjunct to 
tuberculosis control, supplementing methods of case detection, chemotherapy, and 
preventive treatment in those limited segments of the population in which an exces- 
sive rate of new infections can be demonstrated, and the usual surveillance and 
treatment programs have failed or cannot be readily applied. 

The Committee on Infections Within Hospitals of the American Hospital Associ- 
ation has also adopted a policy of encouraging serious consideration of the use of 
BCG in health-care personnel in institutions in which the frequency of skin-test 
conversion exceeds 1% per year (60). 

Given the present uncertainties, it would be reasonable to recommend the use of 
BCG vaccination under the following circumstances: 


1. Infants who are unavoidably exposed to mothers or other close family contacts 
with active pulmonary tuberculosis. 
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2. Populations or defined groups in which there is evidence of high frequency of 
tuberculosis transmission, and in which the usual methods of case detection and 
isoniazid prophylaxis cannot be adequately carried out. Examples might include 
ghetto populations, alcoholics, migrants, and others without a regular source of 
health care. 

3. Health-care personnel working in institutions serving major urban population 
centers, particularly those with large ghetto, skid-row, or derelict populations in 
which the endemic incidence of tuberculosis is relatively high, and especially if 
the skin-test conversion rate exceeds 1% annually. 

4. Any tuberculin-negative individual at high risk of repeated exposure to infective 
cases. 
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INTRODUCTION 


During the past four years, there has been an extraordinarily rapid accumulation 
of evidence showing that genes of the human major histocompatibility system have 
a marked effect on susceptibility to a wide variety of diseases. The human major 
histocompatibility system is a`'cluster of genes on the VIth human chromosome that 
determine the structure of cell-surface glycoproteins found on ail the cells of the 
body. These glycoproteins differ from individual to individual and form a complex 
set of antigenic determinants that constitute the strongest (major) antigenic barrier 
to tissue transplantation between genetically nonidentical individuals. In addition, 
by analogy to the major histocompatibility system in several animal species, other 
genes in the same chromosomal region have marked regulatory effects on immune 
responsiveness to a wide variety of antigens. Indeed, it appears that almost all of 
the genes that have been identified in this chromosomal region have some effect 
upon, or relation to, the immune system, as is shown below: 

Perhaps the first demonstration of an association between the major histocompati- 
bility system and susceptibility or resistance to disease was reported by Lilly (1), 
who showed that genes linked to the mouse major histocompatibility system, the 
H-2 system, determined resistance to Gross virus-induced leukemia. The mecha- 
nism of action of this genetic factor for resistance to viral leukemogenesis was not 


425 


53 


426 SASAZUKI, GRUMET & MCDEVITT 


apparent, but Lilly speculated that it might be due to some type of effect on the 
immune response to the virus. 

In 1967 Amiel (2) reported a moderate increase in the incidence of one particular 
human transplantation antigenic specificity (at that time designated 4c) in patients 
with Hodgkin’s disease over that in a normal control population. The search for 
associations between genes in the human major histocompatibility system and dis- 
ease susceptibility or resistance was given fresh impetus by the demonstration that 
immune response (Jr) genes, controlling the immune response to a wide variety of 
antigens, were linked to the murine major histocompatibility complex (3). Immune 
response genes were first described by Benacerraf and his colleagues in studying the 
immune response of guinea pigs to hapten-substituted synthetic polypeptides such 
as poly-L-lysine (4). Genetic control of the immune response to other synthetic 
polypeptides in mice was analyzed by McDevitt (5), in collaboration with Sela and 
Humphrey. 

dr genes have been reviewed extensively (4-6). The major class of Jr genes are 
those closely linked to the species’ major histocompatibility system. These genes 
control the cellular and humoral response to specific antigens and have been de- 
scribed in the mouse, guinea pig, rat, and monkey. The precise mechanism of 
Ir gene action is not yet known, but they appear to control the ability of im- 
munocompetent lymphocytes to recognize an antigen as foreign, and to initiate both 
a cellular and humoral response to the antigen. Much of the evidence indicates that 
Ir genes are expressed in thymus-derived lymphocytes (T cells) and may function 
as a new class of foreign-antigen receptor on the surface of these T lymphocytes. 
It seems clear that this type of Jr gene-controlled antigen recognition does not 
involve any known immunoglobulins, since none of the structural genes for im- 
munoglobulins have been found to be linked to the major histocompatibility system 
in any mammalian species. Current evidence [presented in detail in (6)] indicates 
that genes mapping in the J, or immune response region of the mouse major 
histocompatibility system (see below), determine the structure and/or function of 
cell-surface receptors for foreign antigens on the surface of T lymphocytes, and 
possibly also on the surface of macrophages and B lymphocytes (the precursors of 
antibody-producing cells). 

The demonstration that genes in the major histocompatibility system have a 
profound effect on determining the ability to respond well or poorly to specific 
antigens suggested that genes in the major histocompatibility system might have a 
major effect on resistance to those diseases in which the immune system was protec- 
tive, or in autoimmune diseases, in which the immune system itself might initiate 
the disease process. The possibility of such a functional relationship, as well as the 
earlier demonstrations of associations between the major histocompatibility system 
and disease, led to a series of studies in many laboratories around the world, 
searching for associations between the human major histocompatibility system, the 
Auman leukocyte antigen (HLA) system—and disease susceptibility. 

During the past four years, this search has been extraordinarily productive and 
has led to the discovery that a number of rheumatic, autoimmune, neurologic, 
endocrine, gastrointestinal, and dermatologic diseases show definite associations 
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with particular genetic variants (alleles) of several genes in the human major his- 
tocompatibility system. Before discussing the human major histocompatibility sys- 
tem and the disease associations in detail, a brief description of the genetic structure 
of the murine major histocompatibility system—the H-2 system—will permit us to 
indicate some of the functional relationships between this complex genetic region 
and the immune system. 


THE H-2 SYSTEM 


Figure 1 is a schematic diagram of the H-2 system. [For a detailed discussion of the 
genetic fine structure of the murine H-2 system, its gene products, and some of their 
functions, the reader is referred to a comprehensive review by Shreffler & David (7).] 
The H-2 system is bounded by H-2K and H-2D, which are the initially described, 
classical transplantation antigens that can be detected by cytotoxic T cells as well 
as by alloantisera. The H-2K and H-2D gene products are 45,000-MW cell-surface 
glycoproteins found on all the tissues of the body, with the possible exception of 
sperm and very early embryonic tissues. The human counterparts are the HLA-B 
and -4 genes, respectively (see Figure 2). 

The true function of the H-2K and H-2D gene products i is not known; however, 
recently it has become apparent that these genes are intimately involved in the 
induction and effector phases of T-cell-mediated cytotoxicity, or T-cell killer func- 
tion. In several systems it has been shown that cytotoxic T cells specific for viruses, 
and for minor transplantation antigens such as the H-Y or male-transplantation 
antigen, recognize not only the antigen to which they have been sensitized, but also 
the H-2K and/or D gene product on the immunizing cells. Thus, after an animal 
is immunized with foreign cells carrying a particular virus, its T cells will only 
recognize virus on the surface of cells of the same foreign transplantation antigen 
type as those originally used for immunization. Even though the animal has been 
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Figure 1 A schematic diagram of the H-2 complex. The H-2 system is bounded by the H-2K 
and H-2D loci. The J region of the H-2 system includes Jr-/A, Ir-1B, and Ir-1C. The 
corresponding Ia regions are 7-A, I-B, and J-C. Earlier genetic maps of the J region included 
only the /r-1A4, B, and C regions, but recent analysis of several H-2 recombinants has indicated 
that a new region, J-J, must be intercalated between Jr-1B and Jr-JC, and that another region 
exists between J-J and Jr-/C, which has been given the preliminary designation of J-E (13). 
The S locus or region of the H-2 system determines at least two genes, one of which determines 
the structure of a component of the C4 molecule. There is also evidence that the S region 
determines the levels of C1, 2, and 3. 
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Figure 2 A schematic diagram of the HLA system on human chromosome VI. HLA-B and 
A, which are analogous to H-2K and D, are separated by 0.8 recombination units or centimor- 
gans (cM). The HLA-C locus does not have a counterpart in the mouse. The HLA-D locus 
or region determines the structure of lymphocyte cell-surface antigens eliciting the mixed- 
culture reaction, and therefore may be analogous to the J region of the mouse. The genes for 
C4 deficiency, C8 deficiency, Bf (properdin factor B) and for the Chido (Ch) and Rogers 
blood-group antigen have not been precisely mapped, but are within the HLA system. 


immunized to these virus-bearing cells, it will not kill cells of its own transplantation 
antigen type that carry the same amount of virus on their cell surface (8). It is thus 
clear that the H-2K and H-2D gene products have a major effect on the development 
and specificity of cell-mediated killer functions. It is not yet known whether this is 
the primary or even a major function of these gene products. There has been 
considerable speculation that these gene products, because of their ubiquitous tissue 
distribution, must play a more fundamental role in cellular interaction and tissue 
morphogenesis. As yet, however, there is no definite evidence for these latter postu- 
lated functions. 

The J region was originally defined because genetic control of specific immune 
response to several polypeptides was shown to map in the chromosomal region lying: 
between the H-2K and S genes of the H-2 system (9). Within a short time, it became 
apparent that in addition to genetic control of specific immune responses, this region 
also determined the structure of cell-surface antigens that elicited the mixed-lym- 
phocyte-culture reaction and the graft-versus-host reaction. Studies designed to 
produce antisera against J-region gene products resulted in the identification of a 
new class of cell-surface alloantigens, the Jmmune-response region-associated anti- 
gens, or Ia antigens. These cell-surface allo-antigens are also glycoproteins that fall 
into two molecular-weight ranges, 25,000 and 33,000, and are found predominantly 
on the surface of lymphocytes, macrophages, sperm, and epidermal cells. A system- 
atic analysis of a number of different inbred mouse strains, and of recombinant H-2 
chromosomes derived by crossing over between the H-2K and H-2D loci, led to the 
subdivision of the J region into the 7-A, J-B, and J-C subregions. Genes controlling 
the immune response to particular foreign antigens were mapped in the 7-4, I-B, 
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or I-C regions and were designated Ir-1A, Ir-1B, and Ir-IC. In several instances 
it also became apparent that two J-region genes were required to develop a high 
response to a particular antigen (10). 

It is now apparent that the Ia antigens are the primary cell-surface alloantigens 
that stimulate in the mixed-lymphocyte-culture reaction in vitro and that elicit the 
graft-versus-host reaction in vivo. A major research effort now centers on determin- 
ing the relationship of the Ia antigens to Jr gene function. During the past year, it 
‘has been shown that factors can be isolated from thymus-derived lymphocytes that 
appear to be capable of regulating specific immune responses. These factors mimic 
the effects of helper thymus-derived lymphocytes and thus potentiate the immune 
response to a particular antigen (11), or they mimic the effects of suppressor thymus- 
derived lymphocytes (12) and suppress the specific immune response to a particular 
antigen. 

Both types of factor have a number of interesting properties in common. They 
have a molecular weight in the 40,000—-50,000 range; they bind specifically to anti- 
gen-immunoabsorbent columns; they lack all immunoglobulin antigenic determi- 
nants; and they possess Ia antigenic specificities. Preliminary evidence indicates that 
helper factors bear Ia determinants mapping in the J-A subregion (12) and suppres- 
sor-factor Ia determinants map in a new J subregion that has tentatively been placed 
between J-B and J-C, and has been given the preliminary designation of J-J (13). 
These preliminary findings are important because they indicate that Ia antigens may 
be part of structures derived from T cells that have the ability to recognize specific 
antigenic determinants. If these results are borne out, they indicate that the J 
subregion of the H-2 system contains a number of genes that are in some way 
involved in the structure of a new class of antigen-specific receptors found on the 
surface of immunocompetent T lymphocytes. 

Ir genes have not yet been conclusively demonstrated in man, so that a precise 
human counterpart to the murine J region does not yet exist. However, the Ia 
antigens elicit the mixed-lymphocyte reaction [MLR (see below)] and lymphocyte 
antigens determined by the HLA-D locus have a similar function (see Figure 2). By 
analogy, it is presumed that the HZA-D region may be the human 7 region. 

The major histocompatibility system has yet another intimate relationship with 
the immune system. As is shown below, structural genes for several complement 
components (the second, fourth, and eighth complement components) are linked to 
the human major histocompatibility system, the HLA system. In the mouse, recent 
studies (7) have shown that the S gene of the H-2 system, which had been known 
to control the structure and serum levels of a serum #-globulin, is in fact the 
structural gene for one of the polypeptide chains of the fourth component of comple- 
ment C4 (7). (The human C4 gene has not been accurately mapped as yet, cf Figure 
2.) Thus, in addition to being intimately involved in the specificity of T-cell- 
mediated cytotoxicity, and in regulating both the potentiation (help) and the inhibi- 
tion (suppression) of the immune response, the major histocompatibility system also 
determines the structure of several complement components. 

It is not yet known whether the close linkage of all of these genes, which regulate 
cellular, humoral, and effector arms of the immune response, indicates a functional 
interrelationship and an underlying structural homology between these three genetic 
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regions of the major histocompatibility system. However, the extraordinary finding 
that all three classes (the K and D genes, the J-region genes, and the S-region genes) 
of the major histocompatibility system are involved in particular functional aspects 
of the immune response suggests that regulation of the immune response is a major 
function of the major histocompatibility system and that the different genes in this 
complex system may be both functionally and structurally interrelated (14). 

In many ways, the H-2 system has served as a prototype for extending our 
understanding of the human major histocompatibility system, the HLA system. 
This system is described in detail in the following section. 


THE HLA SYSTEM 
Background 


Studies of the human major histocompatibility (HLA) system began in the late 
1950s, when it was reported that leukoagglutinating antibodies could be detected 
in the sera of multiply transfused patients, and also of parous women (15, 16). 
Because these antibodies reacted with some, but not all, leukocytes from normal 
individuals, it was recognized that the leukocyte antigens involved belonged to a 
genetic polymorphic system. As many more such sera became identified during the 
early 1960s, studies of families, and computer-assisted analyses of population studies 
with these antisera, provided the first examples of the allelic nature of the antigens 
detected (17-19), i.e. that these antigens were variant, or allelic, products of the same 
gene (or genes). During that same time, it was shown that the leukocyte antigens 
could also be detected by lymphocyte cytotoxicity. 

The development of a microtechnique soon led to the general acceptance of the 
antibody- and complement-mediated lymphocyte microcytotoxicity assay as the 
standard in the field (20). This technique, which has changed little over the succeed- 
ing decade, basically consists of a 1-2-hr incubation of approximately 2000 viable 
lymphocytes with each of a selected series of antisera, plus fresh-frozen rabbit serum 
as a source of complement. At the end of the incubation period, each test is read 
for residual viable cells using a vital dye. Although additional techniques have been 
developed, the antibody-mediated, lymphocyte microcytotoxicity technique re- 
mains the most widespread and accepted standard. As data concerning this system 
began to accumulate, the need for closer collaboration among investigators in the 
field was realized and a series of international workshops, held approximately every 
two years, was initiated in 1964. A well-documented model of the very complex 
genetic system we now refer to as HLA emerged from those workshops, as well as 
from a great deal of work carried on in the laboratories of many independent 
investigators. [For general reviews see (21--23).] 


Serologically Detectable Antigens 


The genetic determinants of all the HLA antigens reside in a segment of chromo- 
some VI that is estimated to be approximately 1000 genes long and is referred to 
as the HLA region (21-27). Within this region lie the four currently defined HLA 
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loci, HLA-A, HLA-B, HLA-C, and HLA-D. Antigens determined by the 4, B, and 
C loci are present on the surfaces of all nucleated cells (also on blood platelets) and 
are detectable by serological techniques such as the lymphocyte cytotoxicity method 
described above. Each locus has its-own series of unique antigens that are the 
products of the allelic genes belonging to that particular locus. Antigens that can 
be identified by presently available antisera are shown in Table 1. Antigens written 
with an A, B, or C followed by an arabic numeral are those acknowledged by the 
International Workshops and the World Health Organization to be clearly defined. 
Those written with a w preceding the arabic numeral are less clearly defined and 
are the subject of further workshop evaluation, whereas those antigens without an 
A, B, or C prefix have been reported by only a few laboratories and remain to be 
confirmed at an International Workshop. There are currently 19 well-characterized 
A locus antigens and 24 B locus antigens, accounting for over 95% of the A and 
B locus genes (28, 29). The more recently defined C locus has only six antigens 
agreed upon, accounting for only about half of the alleles at this locus. 

HLA typings are written as in Table 2. Each individual possesses two HLA 
regions, one paternally and one maternally derived. Because the HLA antigens are 


Table 1 HLA antigens 


A Locus B Locus C Locus D Locus 


HLA-A HLA-B5 
-A2 -B7 
-A3 -B8 
-A9 -B12 
-A10 -B13 
-A11 -B14 
-A28 -B18 
-A29 -B27 i 
HLA-Aw23 HLA-Bw15 HLA-Cw1 HLA-Dw1 
-Aw24 -Bwl6 -Cw2 -Dw2 
-Aw25 -Bw17 -Cw3 : -Dw3 
-Aw26 -Bw21 -Cw4 -Dw4 
-Aw30 -Bw22 -Cw5 -Dw5 
-Aw31 '  ~-Bw35 -Dw6 
-Aw32 -Bw37 
-Aw33 -Bw38 -T7 
f -Bw39 
-Aw36 -Bw40 -LD-107 
-Aw43 -Bw41 -LD-108 
~Bw42 
TT 
KSO 
Hs 


407* 
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codominantly expressed and there are no known silent or amorphic alleles, each 
individual is characterized by two antigens from each of the loci (i.e. a set of six 
serologically determined antigens). Because of the close linkage between the loci, the 
entire HLA region is inherited intact in approximately 99% of offspring. Within any 
given family, then, a particular haplotype (i.e. a fixed combination of HLA antigens 
determined by the HLA region of a single chromosome VI) will be inherited so that 
a specific set of A, B, and C antigens will always appear together. Because the 
crossover frequency is finite, however, hundreds of generations of random human 
matings have resulted in every possible combination of 4, B, and C genes. In the 
random population, therefore, the presence of a particular antigen at one of the loci 
generally does not affect the probability of finding any particular antigens at the 
other loci. . 

An illustration of the transmission of HLA haplotypes is given in the pedigree 
shown in Table 3. In six of the seven children, the haplotypes have been inherited 
intact as would be expected. One child (#6), however, demonstrates a rare (<1% 
of offspring) event defined as an HLA crossover. During meiosis a recombination 
between maternal chromosomes has occured so that a new haplotype has been 


Table 2 Common genetic terminology 





Haplotype = A combination of antigens determined by the HLA region of a single 
chromosome, e.g. Al, B8, Cw3, Dw5 


Genotype = A pair of haplotypes possessed by a particular individual, e.g. Al, B8, 
Cw3, Dw5; A2, B12, Cw4, Dw3 


Phenotype = The antigens possessed by a particular individual regardless of haplotype 
assignment e.g. Al, A2; B8, B12; Cw3, Cw4; Dw3, Dw5 





Table 3 Transmission of HLA haplotypes in a family 











Individual HLA genotype 
Father (a/b) Al, B8, C-, D~; A3, B18, C-, D- 
Mother (c/d) A2, B27, Cw1, Dwi; A29, B12, C-, D- 
Child #1 (a/d) Al, B8, C-, D~; A29, B12, C-, D- 
Children #2, 3, 5, 7 (b/d) A3, B18, C-, D-; A29, B12, C-, D- 
Child #4 (b/c) A3, B18, C-, D-; A2, B27, Cw1, Dw1 
Child #6 (b/cd)? A3, B18, C-, D-; A2, B12, C-, D- 

c d 





Child #6 possesses the recombinant chromosome (cd). The designations C- and D- 
represent as yet unidentified antigens at the C and D loci. Data kindly provided by 
Dr. Rose Payne, Department of Medicine/Division of Hematology, Stanford University 
School of Medicine, Stanford, California 94305). 
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created. The A2 from the c chromosome is now combined with the B12, C-, and 
D- of the d chromosome. This new haplotype can now be passed on intact to future 
descendants of child #6. 

As with other polymorphic genetic markers, the frequency of each antigen will 
depend upon the ethnic group studied (28). For example, the HLA-A! antigen 
appears in 33% of Caucasians, but is absent from Chinese, whereas the Hs antigen 
occurs in 25% of Chinese, but is absent from Caucasians (30). This marked ethnic 
variability is, of course, an important consideration in selecting appropriate controls 
for any population study utilizing the HLA system. 

The chemical structure of the HLA antigens is an area of active research at 
‘present. The serologically detectable antigens have been solubilized from the cell 
surface and consist of a dimer with a heavy glycoprotein chain (MW 44,000) 
containing the antigenic specificity, and a 8, microglobulin chain (MW 12,000) (31). 
The 8, microglobulin does not possess HLA antigenic markers and the locus for 
the £, chain has been located on chromosome XV (32). 


The D Locus and Mixed Leukocyte Cultures (MLC) 


Unlike the serologically defined A, B, and C antigens, D-locus markers can at 
present be recognized only by an in vitro lymphocyte culture test. Although some 
variations of technique are now used, the basic test consists of several days of culture 
of lymphocytes of one individual (the responder) with X-irradiated or mitomycin- 
C-treated lymphocytes of a second individual (the stimulator). If the stimulator 
possesses D-locus antigens not present in the responder, the lymphocytes of the 
latter undergo transformation, resulting in DNA synthesis that can be quantified as 
an index of response. (The X-irradiation or mitomycin-C prevents the stimulator 
cells from reacting similarly.) Through careful selection of individuals homozygous 
for D-locus alleles (e.g. offspring of first-cousin marriages), it is possible to obtain 
“typing cells,” which may then be used to test others for the presence or absence 
of a particular D-locus antigen (33). D-locus typing is technically difficult and has 
only recently been developed, so that only six allelic types are generally agreed upon 
for this locus (34). Because MLC nonstimulation between random individuals is 
such a rare event, it is anticipated that many D-locus alleles exist and are yet to be 
identified. The problem is further complicated by the likelihood that the D locus 
is several (or many) loci, as is the case for the analogous J region in the mouse. 


Linked Loci and Linkage Disequilibrium 


Through the studies of families with recombinant haplotypes, it has been possible 
to map not only the AZA loci, but also a number of other loci as well. A graphic 
presentation of the HLA region is shown in Figure 2. It is particularly interesting 
to note that three components of the complement system are linked to the HLA loci, 
thus defining yet another important function (in addition to transplantation an- 
tigenicity, disease susceptibility linkage, and probably human immune-response 
genes) for this segment of chromosome VI. 
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Based on the principle of random human matings over hundreds of generations, 
with small but finite recombination frequencies within the region, almost all possible 
haplotype combinations should appear at a frequency proportional to the product 
of the frequencies of the individual component genes. Although this rule is generally 
valid, some exceptions do occur such that certain combinations of alleles at different 
loci appear together on the same chromosome more frequently than would be 
predicted. When this occurs, the genes are said to be in linkage disequilibrium. For 
example, in Danes, the frequency of the haplotype containing both the Al and B8 
antigens is 0.099, whereas its predicted frequency (if no linkage disequilibrium 
existed between those two antigens) is 0.022 (23). Among Caucasians of the Middle 
East or Asia, however, the linkage disequilibrium between those same two antigens 
is not significant, i.e. Al and B8 do not occur together more frequently than 
predicted by random matings. 

No mechanism has yet been proven to account for the observed linkage disequilib- 
rium between HLA antigens; however, several may be postulated. For example, 
some unknown survival value might accrue in some environments from certain 
combinations of antigens, some combinations might affect chromosomal stability 
and therefore have relatively lower recombination frequencies, or some combina- 
tions might derive from relatively new mutants that have not yet had time to 
dissociate to a state of linkage equilibrium. 

Regardless of mechanism, the phenomenon of linkage disequilibrium exists suffi- 
ciently frequently in the HLA system to suggest that some biological function may 
underlie the associations observed (see below). 


B-Cell Antigens 


In several animal species the existence of immune response (Jr) genes linked to the 
species’ major histocompatibility region has been clearly documented, and prelimi- 
nary evidence to support the existence of similar genes in man has also been gathered 
(5, 35). In the best-studied model, that of the mouse, loci for the Zr genes map within 
the H-2 region, closer to the K than to the D locus. Also mapping at the same (or 
as yet genetically indistinguishable) loci as the Jr genes are a series of immune 
response—associated Ja genes (36). The products of the Ja genes are antigens present 
in greatest concentration on the surface of B lymphocytes (and also in small quanti- 
ties on T lymphocytes) and detectable by antibody-mediated lymphocyte cytotox- 
icity. 

The exact function of Ia antigens and their relation to the functionally defined 
dr genes is not yet known. It is reasonable to postulate that la markers may represent 
the serologically detectable Jr gene cell-surface receptors for antigen recognition. 
For this reason, a great deal of research activity has recently centered upon a search 
for human B-cell antigens as possible murine Ia analogs [several such antigens have 
already been described (37-39)] and as possible serologically detectable D locus 
gene products. 

A number of methods for testing for human B-cell antibodies are available, and 
one of the most common is to first remove HLA-A, B, or C antibodies from antisera 
by their absorption onto platelets (which lack “Ia” antigens). The absorbed sera are 
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then: tested for residual antibodies against purified B cells obtained either from 
patients with chronic lymphocytic leukemia (a disease characterized by proliferation 
of a clone of B cells) or from normal B cells separated from T cells by virtue of 
differential adherence to sheep cells or anti-immunoglobulin columns. Preliminary 
studies reporting the identification of B-cell antigens in man have already been 
published, and the next (1977) International HLA Workshop will focus on this 
aspect of HLA serology, particularly the clarification of B-cell antigens and their 
genetic mapping and probable correlations with D-locus genes. 


SPECIFIC ASSOCIATIONS BETWEEN HLA AND DISEASE 


The first association between HLA and disease was reported by Amiel in 1967 (2) 
involving Hodgkin’s disease and an HLA-B locus antigen then designated 4c. Over 
the next 10 years a progressively larger number of diseases has revealed association 
or linkage with HLA-A, B, or C antigens. The most striking of these is still the 
association between B27 and ankylosing spondylitis (AS), an association so strong 
that it has been utilized as an aid to clinical diagnosis. 

In 1973, Jersild et al (40) reported the first association of a disease with a D-locus 
antigen, multiple sclerosis and Dw2. These findings suggested that the less impres- 
sive, but earlier reported association of HLA-B7 with multiple sclerosis was possibly 
secondary to the existence of strong linkage disequilibrium between B7 and Dw2. 
More recently Terasaki et al (41) reported an even stronger association of multiple 
sclerosis with. a serologically defined B-cell alloantigen type, Group II, which is 
linked to HLA and may be related to. the HLA-D antigen Dw2. As finer genetic 
mapping of the HLA region evolves, it may be possible to define even closer markers. 
of disease-susceptibility genes, and eventually even to test directly for the disease- 
susceptibility genes themselves. 

Although rapid progress is being made in analyzing other HLA and disease 
associations, as is shown below, a number of precautions must be observed in 
studying these associations. First, proper control populations must be selected for 
each new patient population, particularly with respect to racial background. Second, 
diagnostic classification is critical. For example, if diabetes mellitus was taken as a 
single disease, it would not have been possible to detect an association with any HLA 
type. Only when juvenile-onset, insulin-dependent diabetes was -considered sepa- 
rately was an association with HLA-B8 evident. Similarly, if psoriasis vulgaris is not 
differentiated from pustulosis palmaris et plantaris, the associations of B13, Bw17, 
and Bw37 with the former disease would be masked or diluted out. This type of 
problem is called “dilution” and may obscure a true association. 

Third, quantitative measures of the strength of HLA and disease associations 
must be considered carefully. An accepted measure of the intensity of an association 
is the relative risk (RR): 


__ (# patients with the HLA antigen) X (# controls without the antigen) 
(# controls with the antigen) X (# patients without the antigen) 


RR 
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a calculated term that represents the risk of developing a disease in an individual 
possessing a particular HLA antigen as compared to an individual lacking that 
antigen. In determining the statistical significance of the associations it is also 
important to be aware that p values (or X?) may be misleading unless the number 
of variables examined in any comparison of populations is also taken into account. 
Thus, if one is studying the association of 20 different HLA-B alleles with a given 
disease, it is likely that one of these 20 will show a significant difference (uncorrected 
p < 0.05) in frequency from the control population by chance alone. Multiplying 
an uncorrected p value by the number of HLA antigens tested for provides a roughly 
“corrected p,” and ensures that probability values observed are not artificially 
elevated simply because of the large number of variables studied. 

Finally, a distinction must be made between association and linkage. Association 
is demonstrated in population studies of unrelated individuals when two particular 
traits (e.g. a selected HLA antigen and expression of a specific disease) occur 
together at a frequency different from that predicted by chance alone. Linkage 
cannot be proven by population studies, but rather must be shown by studies in 
families in which segregation of two traits (e.g. an HLA antigen and C4 deficiency, 
or an HLA antigen and a specific disease) can be demonstrated in a consistent 
pattern. Linked traits do not necessarily show association, and vice versa. 

Despite the difficulties of performing and analyzing population studies, approxi- 
mately 40 diseases have already been shown to be associated with HLA antigens, 
and several others demonstrate linkage. The majority of these associations, arranged 
into categories according to medical specialty, are listed in Tables 4-10 and are 
briefly discussed below. [Because of space limitation, primary references have been 
given only for those diseases not already cited in (42) and (43).] 


Rheumatology (Table 4) 


The strongest HLA and disease association observed is that found between AS and 
HLA-B27. This association is so strong that B27 typing has become a clinically 
useful aid in the diagnosis of this disease at an early stage, i.e. prior to the appearance 
of characteristic X-ray findings. More than 90% of Caucasian patients with AS 
possess B27, whereas only 5-9% of controls have this specificity. This strong 
association is also prominent in other ethnic groups. For example, among some 
Canadian Indians, 100% of AS patients had B27. These data are significant even 
though the number of patients tested was small and the normal frequency of B27 
in this ethnic group is extremely high compared with that of Caucasians. In Japa- 
nese, in whom B27 is extremely rare, AS again has a strong association with B27. 

Population surveys have revealed that roughly 20% of the B27(+) population has 
radiologically detectable sacroiliitis, which is frequently symptomatic and previ- 
ously undetected (44). The sex incidence is equal in these undetected cases. Thus, 
some manifestations of AS are ten times more frequent than previously thought in 
males, and many, many times more frequent than previously thought in females. 
The total number of such cases in the US population would thus approach two 
million. [250 X 10° population X 0.05 B27 (+) frequency X 0.20 frequency of AS 
findings in B27(+) individuals.] 
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Table 4 Rheumatology 








% Antigen frequency 








Disease HLA antigen patient control Relative risk p Value 
Ankylosing spondylitis 
Caucasians B27 90 8 87.8 1.0 x 10-19 
Haida Indians B27 100 51 34.4 0.17 x 1074 
Bella Coola Indians B27 100 26 20.2 0.19 x 107} 
Japanese B27 67 0 305.7 1.0 x 10-10 
Reiter’s syndrome B27 78 8 35.9 1.0 x101? 
Yersinia arthritis B27 79 9 24.3 1.0 x10710 
Salmonella arthritis B27 67 9 17.6 0.36 x 1079 
Psoriasis arthropatica 
peripheral B13 10 6 2.2 0.95 x 1072 
B27 16 9 2.5 0.35 X 1073 
Bw17 25 6 5.8 1.0 x 10710 
Bw38 13 3 45 0.32 x 1073 
central B13 20 6 4.8 — 0.76 xX 1077 
B27. 40 9 8.6 1.0 x 10-4 
Bwl7 12 6 2.5 0.46 x 10-2 
Bw38 23 3 9.1 0.56 x 1076 
Psoriasis arthropatica z i 
unspecified B27 42 8 7.1 0.25 x 107? 
Bw17 25 8 3.9 0.73 x 1073 
Juvenile 
rheumatoid arthritis B27 26 9 47 1.0 x 10-10 
‘Rheumatoid arthritis Dw4 36 16 3.0 0.5 x10? 





Reiter’s syndrome, ‘defined strictly by the triad of arthritis, nongonococcal ure- 
thritis, and conjunctivitis, also has a strong association with B27. Available evidence 
suggests that this syndrome can appear as a complication of Shigellosis (flexneri) 
occurring primarily in B27-positive persons‘(45, 46). It is also of interest to note that 
patients with gonococcal arthritis rarely possess the B27 antigens, raising questions 
about an etiologic relationship between gonococci and Reiter’s syndrome (47, 48). 

Reactive arthritis following exposure to infectious agents such as Yersinia en- 
terocolitica and Salmonella has also shown an association with B27. Psoriatic 
arthritis on the other hand, has a weaker association ‘with B27 and significant 
associations with B13, Bw17, and Bw37. These latter associations are similar to 
those of all psoriasis vulgaris patients, as seen in Table 6. Juvenile rheumatoid 
arthritis (JRA) also has a weaker association with B27. The observation that each 
of these types of arthritis is associated with the same HLA antigen, B27, strongly 
suggests that they may share some combination of common determinants of suscep- 
tibility, pathogens, or pathogenic process. 

Unlike the preceding forms of arthritis, classical adult rheumatoid arthritis (RA) 
is not associated with B27, but'rather is associated with the HLA-D specificity Dw4 
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(or R, r) (49, 50). The absence of an association of RA with B27 raises the possibility 
that this disease is pathogenetically distinct from the B27-associated forms of arthri- 
tis. RA is the first disease to show an association only with an HLA-D locus type, 
in the absence of any HLA-A, B, or C association. This is potentially a very 
important observation, and is discussed in the section on Mechanisms. 
Rheumatic fever and gout have not shown any significant associations. 


Neurology—Psychiatry (Table 5) 


Multiple sclerosis (MS) was first reported to have a slight but significant association 
with HLA-A3, and later, a stronger association with B7. Subsequently, HLA-Dw2 
was shown to be even more strongly associated. These data suggest that the D locus 
may be the closest of the HLA loci to the actual locus determining MS susceptibility, 
and that the disease associations of B7 and even A3 may merely arise because of 
the linkage disequilibrium of B7 with Dw2, and of A3 with B7. More recently, a 
B-lymphocyte alloantigen has been shown to be more strongly associated with 
multiple sclerosis than Dw2, suggesting that the locus for this new B-cell alloantigen 
may be yet closer to the actual MS disease-susceptibility locus. 

Myasthenia gravis (MG) has a strong association with B8, and a weaker associa- 
tion with Al, presumably secondary to the strong linkage disequilibrium between 
A1 and B8. Ina preliminary study of a small group, an association of MG with Dw3 
also appears (30% of patients versus 9% of controls). Manic-depression has been 
reported to be associated with Bwl6, and for both schizophrenia and paralytic 
poliomyelitis conflicting reports have appeared describing the presence or absence 
of HLA associations. Each of these diseases must be further studied before any 
conclusion should be drawn regarding the validity of their HLA associations. 


Table 5 Neurology 





% Antigen frequency 








Disease HLA antigen patient control Relative risk p Value 

Multiple sclerosis A3 36 26 1.5 0.94 x 1078 

B7 34 25 1.6 0.76 x 107? 

Dw2 67 18 6.9 0.17 x 1075 

Group 44 84 33 0.3 x 1072 

Myasthenia gravis Al 45 26 2.5 0.87 x 107? 

B8 52 23 4.4 1.0 x 10710 

Paralytic poliomyelitis B7 - 21 21 1.0 -3 
B7 38 19 2.6 06S X19 

Schizophrenia A28 19 6 3.5 -5 
A28 4 7 0.7 eae EIN 

Manic-depression Bw16 13 5 2.8 0.79 x 1074 








a Proposed B-cell alloantigen 
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Dermatology (Table 6) 


Psoriasis vulgaris has an association with three different HLA-B locus antigens, 
B13, Bwl7, and Bw37. Psoriasis (nonspecific) is associated with Bw16, as well as 
with B13 and Bw17. Psoriasis pustulosis, on the other hand, has been associated 
with B27. 

Dermatitis herpetiformis (DH) is associated with Dw3, B8, and A1. As with some 
other HLA and disease associations involving more than one HLA antigen, the 
primary association of DH may be with the B8 antigen, and the weaker association 
with Al may arise as a result of the linkage disequilibrium between B8 and A1. More 
recently, it has been reported that an antiserum obtained from the parous wife of 
a patient with dermatitis herpetiformis reacted with the B lymphocytes from 15 of 
15 patients with this disorder, but none of 37 healthy controls (51). The relation of 
this apparent B-cell-specific antigen to the HLA region is not yet known. 

Behcet’s disease, rare in both Europe and America, but fairly common in the 
eastern Mediterranean and in northern parts of Japan, has an association with BS 
in both Caucasians and Japanese. Recrudescent herpes labialis has been reported to 
be associated with Al and B8, and pemphigus is associated with A10. Scleroderma, 
acne conglobata and recurrent-aphthous stomatitis show no HLA associations in 
Caucasians, and other ethnic groups have not yet been studied. 


Table 6 Dermatology 


% Antigen frequency 
Disease HLA antigen patient control Relative risk . p Value 
Psoriasis vulgaris B13 20 5 47 1.0° x 10710 
Bw17 26 8 5.0 1.0 x 10710 
Bw37 8 1 6.4 0.73 X 1077 
Psoriasis nonspecificata B13 15 5 3.9 1.0 x 10710 
Bwl6 16 3 43 0.21 x 10710 
Bwi7 28 1 54 1.0 x 1071 
Psoriasis pustulosis B27 28 9 3.8 0.18 x 1073 
Dermatitis 
herpetiformis Al 69 30 44 1.0 x 10710 
B8 77 25 9.2 1.0 x 10°! 
A10 39 13 3.1 0.12 x 107? 
Behçet’s disease 
Caucasian B5 35 11 4.3 0.81 x 1074 
Japanese BS 75 31 6.5 0.24 x 1075 
Recrudescent 
herpes labialis Al 56 25 3.7 0.13 x 1077 


B8 33 17 2.5 0.35 X 1073 
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Endocrinology (Table 7) 


Juvenile-onset, insulin-dependent diabetes is associated with B8 and Bw15. It is also 
interesting that both B8- and Bw15-positive persons have a much higher relative risk 
than persons with only B8 or Bw15, but individuals homozygous for B8 or Bw15 
do not differ in relative risk from individuals heterozygous for B8 and Bw15. These 
data indicate that there is no gene dose effect for either B8 or Bw15 alone, but that 
the two genes together yield a complementary or additive effect and therefore each 
may affect disease susceptibility in a different manner. No significant deviation of 
HLA specificities was found in maturity-onset diabetes mellitus. Because one sub- 
group of diabetics (juvenile-onset) are characterized by an increased frequency of 
a specific genetic marker (B8 and/or Bw15), and another subgroup (adult-onset) is 
not, it is entirely possible that the syndrome of diabetes may arise from distinct 
pathogenetic mechanisms in each of these disease subgroups. Further subdivision 
of diabetes into even more homogeneous groups might yield still additional associa- 
tions, suggesting the’ existence of still other pathogenetic mechanisms. 

Thyrotoxicosis, particularly Graves’s disease, is associated with B8 in Caucasian 
and with Bw35 in Japanese patients. 

Subacute thyroiditis (de Quervain type) also has an association with Bw35 in 
Caucasians. Hashimoto’s disease, on the other hand, lacks any significant HLA 
associations. 

Idiopathic Addison’s disease has an association with Dw3 and also with B8, an 
antigen that is in linkage disequilibrium with Dw3. 

It should also be noted that several autoimmune diseases with organ-specific 
autoantibodies, such as juvenile-onset, insuliri-dependent diabetes, Graves’s disease, 
Addison’s disease, and MG each have associations with B8 and many have even 


Table 7 Endocrinology 











% Antigen frequency 
Disease HLA antigen patient control Relative risk p Value 








Diabetes (juvenile-on- 
set, insulin-dependent 


only) B8 37 22 2.1 1.0 x 107-10 
Bw15 23 15 2.1 1.0x 10-10 
Dw3 50 18 4.5  0.7x 1072 
Thyrotoxicosis 
Caucasian B8 42 24 2.5 1.0x 10710 
Japanese Bw35 57 21 5.0 0.46 x 10-4 
Addison’s disease B8 50 23 3.9 0.73 x 1075 
Dw3 70 18 10.5 0.3 x 10-2 
Subacute thyroiditis Bw35 11 13 22.2 1.0 x10710 


(de Quervain type) 
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stronger associations with Dw3. These findings suggest the possibility that these 
syndromes may share some common step in their pathogenesis. 


Gastroenterology (Table 8) 


Chronic active hepatitis is associated with B8 and A1, with the latter antigen 
association possibly due to the linkage disequilibrium between Al and B8. An 
increased frequency of homozygosity for B8 was reported (28.5% in the patient 
group compared to 2.8% in the control group), indicating that the susceptibility 
gene for chronic active hepatitis might be recessive with linkage disequilibrium with 
B8. It was also reported that healthy carriers of the hepatitis-associated antigen 
HB,Ag have an increased frequency of Bw41. 

Idiopathic hemochromatosis, a disease with an increased familial incidence, but 
without any clear-cut immunologic abnormalities in its pathogenesis, has been 
associated with A3 and B14. These antigens are not in linkage disequilibrium with 
each’ other. l 

Celiac disease has strong associations with A1 and B8. The relative risk for Bw35 
in this disease is substantially less than 1.0 (0.47), indicating a possible disease 
resistance in Bw35 persons. , ; 

Ulcerative colitis and Crohn’s disease are reported to have no significant associa- 
tions with any HLA specificities, and pernicious anemia has had. conflicting reports 
relating to a weak association with B7. 


Oncology (. Table 9) 


Hodgkin’s disease was the first reported association of an HLA specificity and 
disease. In the ten years subsequent to that report, intensive studiés have been done 


Table 8 Gastroenterology l 

















% Antigen frequency 








Disease HLA antigen patient control . Relative risk p Value 
Chronic 
active hepatitis Al 42 28 18  0.64x 10-4 
~ B8 44 20 3.0 ' 1.0 x10710 
Idiopathic i i 
hemochromatosis A3 78 27 -9.5 0.21 x 10-10 
B14 26 3 9.2 0.53 x 1075 
Celiac disease AL 64 30 4.2 1.0 x 10710 
B8 71 23 8.9 1.0 x 10710 
Bw35 7: 17 0.5 0.39x 10-3 
HB, Ag Bw41 12 1 11.2 0.72 x 10-3 


Pernicious anemia ‘BI 3 2 2.2  0.12x 10 





442 SASAZUKI, GRUMET & MCDEVITT 


Table 9 Oncology 








% Antigen frequency 





Disease HLA antigen patient control Relative risk p Value 

Hodgkin’s disease Al 39 31 1.4 1.0 x 10-6 
B5 16 11 1.6 1.0 x 10-6 
B8 29 24 1.3 1.0 x 10-4 
B18 13 7 19 1.0 x 10-6 

Acute lymphocytic 
leukemia A2 60 54 1.3 1.0 x 10-2 
Retinoblastoma Bi2 10 25 0.3 0.27 x 10-3 
Bw35 ° 25 11 2.8 0.38 x 1073 
Nasopharyngeal cancer Hs(Sin-2) 44 ; 21 3.0 0.7 x 107? 
É Sin-2aê 100 10 = 0.1 x 1072 





4Proposed D~locus antigen 


to confirm this association. In the 1972 International Histocompatibility Workshop, 
more than 1500 patients were tested and it was shown that in the patient group there 
were slight increases in frequencies of A1, B5, B8, and B18. 

Among the other malignant diseases, retinoblastoma has the highest relative risk 
with the HLA specificity Bw35. Individuals with B12 may have some resistance to 
this disease, as seen by the low relative risk of 0.3. Nasopharyngeal cancer, a disease 
that is rare outside of the Chinese population, was reported to have an association 
with the recently described HLA-B specificity Hs (or Sin-2) (52). Multiple myeloma, 
Burkitt’s lymphoma, malignant melanoma, mammary carcinoma, and trophoblastic 
neoplasia did not show significant associations with any HLA specificities. 

In childhood acute lymphocytic leukemia, the A2 antigen is increased if a patient 
population is tested at the time of diagnosis and is even more substantially increased 
among long-term survivors. These data suggest that individuals with the A2 antigen 
are at a questionably higher risk of developing the disease, but that patients with 
A2 have a better prognosis than those without A2 (53). 

Chronic lymphocytic leukemia has not shown any association with specific HLA 
antigens; however, in family studies susceptibility to this disease seems to be linked 
to the HLA locus (54). 


Miscellaneous (Table 10) 


Sjégren’s syndrome has an association with B8, and systemic lupus erythematosus 
has conflicting reports of an association with Bw15. 

No significant associations were observed for sarcoidosis, chronic glomerulone- 
phritis, polycystic kidney disease, acquired hemolytic anemia and idiopathic throm- 
_bocytopenic purpura. In family studies, hay fever (ragweed pollen allergy) was 
reported to be linked to the HLA locus; however, population studies fail to show 
any significant associations (55). Also linked to the HLA locus are genes regulating 
quantitative levels of several of the components of the complement system (56, 57). 
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Table 10 Miscellaneous 

















% Antigen frequency 
Disease HLA antigen patient control Relative risk p Value 
Sjégren’s syndrome B8 51 24 33 0.19 x 1076 
Congenital heart 
malformation A2 80 44 = 49 . 0.13 X 10-5 
Acute anterior uveitis B27 57 8 15.4 1.0 x 10710 
Vogt-Koyanagi- 
Harada’s disease LD AH? 67 16 10.5 0.3 x 10-6 
Open-angle glaucoma Bw35 © AT 23 3.0 0.48 x 1073 





a Proposed D-locus antigen 


Among congenital deformities, congenital heart malformation was associated 
with A2, but spina bifida and cleft lip had no HLA associations. Despite the lack 
of an association with any specific antigen, in one family study spina bifida did 
appear to be linked to the HLA locus (58). 

Acute anterior uveitis has a strong association with B27, possibly because this 
disorder is so frequently found as a complication of the B27-associated forms of 
arthritis. In contrast, patients with aortic insufficiency, another- frequent complica- 
tion of AS, do not have an- increased B27 frequency (59). Diffuse bilateral 
granulomatous uveitis associated with poliosis, vitiligo, alopecia, dysacusis, and 
vertigo is called Vogt-Koyanagi-Harada’s disease. This disease is extremely rare in 
Caucasians, but fairly common in Japanese. A recent report from Japan associated 
this disease with Bw22J, a Japanese-specific W22-related HLA-B locus antigen, and 
even more strongly with a Japanese-specific new D-locus antigen LD AH (60). 
Finally, open-angle glaucoma has been shown to have an association with Bw35 
(61). 


Clinical Implications 


In the preceding subheadings of this section, we have done little more than list the 
specific associations between HLA-antigenic specificities and particular diseases. 
The detailed analysis of many of these associations is just beginning, and the reader 
interested in a particular disease category is urged to read the source references for 
further details. Thus, several of the references describing the association between 
MS and HLA-Dw2 indicate that Dw2-positive patients with MS have a more severe, 
unremitting course than those patients who are Dw2-negative. Further analysis of 
this finding may permit subclassification of patients with MS. 

In psoriasis vulgaris there is a well-known biphasic curve seen when plotting the 
age of onset of the disease, with peaks at about 15 years of age and again in the 30s 
and 40s, However, those patients who are HLA-B13- and B17-positive fall almost 
exclusively under the first peak, with the peak age at onset in the mid-teens. Analysis 
of families in which both psoriasis and B13 or B17 are segregating indicates linkage 
between the HLA complex and susceptibility to psoriasis. Other genetic factors not 
linked to HLA also have a major effect on susceptibility, since in these kindreds 
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numerous individuals can be identified who have the disease but are HLA-B13- or 
B17-negative. These findings indicate that multiple genetic factors determine suscep- 
tibility to psoriasis, and that there may well be several types. This conclusion is 
further supported by the finding, noted earlier, that other types of psoriasis, such 
as pustular psoriasis, are not associated with a particular HLA type. 

Analysis of a number of “autoimmune” diseases, including idiopathic Addison’s 
disease, chronic active hepatitis, MG, Sjégren’s syndrome and possibly celiac dis- 
ease, dermatitis herpetiformis, Graves’s disease, and insulin-dependent, juvenile- 
onset diabetes mellitus are all associated with HLA-B8, and many of them show an 
even stronger association with HLA-Dw3. It is not yet clear whether each of these 
diseases. is associated with a particular allele of different genes, all of which are in 
linkage disequilibrium with HLA-B8 and HLA-Dw3, or whether all of these dis- 
eases are associated with the same allele of the same gene and there is a common 
initiating pathogenetic event in this very diverse list of diseases. These are but a few 
of the clinical correlations and questions that have been raised by an analysis of 
HLA and disease associations, that promise to provide important new insights into 
diagnostic and prognostic classification and to studies of etiology and pathogenesis. 

At present, the mechanism underlying the association between HLA and specific 
diseases has not. yet been worked out for any of the known disease- associations. A 
knowledge of the mechanism of HLA and disease association is obviously of central 
importance in understanding the way in which the HLA system regulates disease 
susceptibility, as well as in understanding the pathogenesis of each of the associated 
diseases. In the absence of specific information, we are forced to deal with theoretical 
possibilities, and these are taken up in the next section. 


POSSIBLE MECHANISMS OF HLA AND DISEASE 
ASSOCIATIONS ; 


In exploring the possible mechanisms that might explain the numerous associations 
between the HLA system and disease, we are of necessity forced to rely partly on 
guesswork, and partly on our fragmentary knowledge of the known functions of 
genes within the major histocompatibility system in both animal and human studies. 
Since the function of the H-2K and D, and HLA-A, B, and C loci are as yet 
unknown, and since it is not certain that all of the functions of genes in the J and 
S regions of the mouse or in the HLA-D and complement-détermining genes of man 
are known, it is unlikely that any theoretical list of possible mechanisms will include 
all the actual mechanisms yet to be ‘discovered. On the contrary, it is quite probable 
that a detailed analysis of the mechanism of HLA and disease associations will lead 
to the discovery of new functions of the major histocompatibility system. The 
following is a list of the theoretical mechanisms for HLA and disease association: 


1. HLA antigens may function as cell-surface receptors for viruses or for toxins. 

2. HLA antigens may be incorporated into the protein coat of viruses budding from 
the cell surface. If this were the case, viruses from one individual would more 
readily infect another individual sharing. the same major histocompatibility anti- 
gen. 
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3. A virus or toxin might share antigenic configurations with histocompatibility 
antigens, thus rendering the host with a particular allele of a histocompatibility 
antigen tolerant to those determinants on the virus or toxin. 

4. H-2K and D, and HLA-A and B are known to be intimately involved in the 
specificity of cytotoxic T cells sensitized to viruses, minor transplantation anti- 
gens, or chemical haptens conjugated to the cell surface. It is theoretically possi- 
ble that particular H-2K or D or HLA-A or B antigens might lead to more or 
less effective T-cell-mediated cytotoxicity against a particular virus, thus affect- 
ing the immune response to that virus. 

5. Associations between HLA and disease might reflect the effect of a linked i im- 
mune response (Jr) or immune suppression (Js) gene that is in linkage disequilib- 
rium with the HLA-A, B, or D allele associated with the disease in question. 

6. Abnormalities in structural genes for complement components may affect disease 
‘susceptibility. There is a very strong association between the haplotype A10- 
Bw18-Dw2 and C2 deficiency. While many individuals who are C2-deficient may 
be normal, there appears to be a high frequency of a disease resembling systemic 
lupus erythematosus in these individuals (62). There may also be a higher inci- 
dence of lupus-like disease in heterozygotes. While the mechanism is unknown, 
it seems clear from these findings that complement deficiency may predispose to 
certain types of “autoimmune” disease. 

7. The associations between HLA and disease may be due to other linked genes, in 
linkage disequilibrium with particular HLA-A, B, or D alleles, but unrelated to 
these genes. For example, it has been shown in mice that cyclic AMP levels and 
testosterone levels are correlated with H-2 type (63, 64). It is also possible that 
the function of a wide variety of cell-surface receptor molecules for hormones, 
neurotransmitters, etc is affected by different alleles of the HLA-A, B, or D 
regions. 


Finally, it is possible that the major histocompatibility antigens have a fundamental 
effect on cell-cell recognition and interaction in both early development and the 
maintenance of normal cell interactions in the adult. Different alleles of these 
cell-surface proteins might permit normal development and cell-cell interaction, but, 
in a way as yet unsuspected, predispose to disease upon exposure to particular 
viruses, toxins, or environmental agents such as gluten, the factor in wheat initiating 
the intestinal damage in celiac disease. 

With this background of theoretical possibilities, we can now examine the general 
characteristics of HLA and disease associations. First, there are virtually no in- 
stances in which the HLA type associated with the disease is found in all of the 
patients with that disease, or confers a 100% probability of contracting the disease. 
On the contrary, almost all of the associations are ones in which a particular allele 
of one of the genes in the HLA system is found in a markedly increased incidence 
in the patient population, but not in 100% of the patients, and the majority of 
individuals in the population bearing the specified allele of the HZA gene being 
studied are normal and do not have the disease. In many cases, this can be shown 
in family studies to be due to the fact that other genetic factors also predispose to 
the disease in question. In some situations (e.g. ankylosing spondylitis, where 95% 
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of patients have HLA-B7), it is possible that the actual disease-susceptibility gene 
is found in only 20% of B27-positive haplotypes, and all of these individuals develop 
some manifestations of the disease. Controlled family studies will be required to 
resolve this point. 

The second major generalization is that almost all of the HLA and disease 
associations are for susceptibility rather than resistance, and the susceptibility effect 
is dominant, since most individuals are heterozygous at all of the known genetic loci 
in the. HLA system. This generalization turns out to be of little value in analysis, 
since all of the genes in the HLA system appear to be codominantly expressed (i.e. 
the heterozygote expresses both alleles of the gene) and since almost all of the 
theoretical mechanisms described above, with the exception of complement defi- 
ciency, would be dominant in the heterozygote. : 

The third generalization is that many, if not most, of the HLA and disease 
associations appear to be due to genes in the HLA-D region, or to genes that show 
the strongest linkage disequilibrium with genes in the HLA-D region. Table 11 
classifies HLA and disease associations as being due to associations with a B locus; 
with the B locus, but reflecting a stronger association with a D-locus allele; or as 
an association with the D locus only. Most of these associations either show a 
stronger association with an HLA-D allele or the patient populations have not yet 
been typed for their HLA-D type. This table reflects what has developed as-a general 
trend over the past several years. Frequently, initial studies have reported a disease 
as being associated with an HLA-A- or B-locus antigen. Further study has shown 
that the association is stronger with the HLA-B antigen, and where studies have 


Table 11 HLA and disease associations 











B-Locus B- and D- D-Locus 
Disease association association association only 
Ankylosing spondylitis x 
Reiter’s disease X 
Rheumatoid arthritis x 
Diabetes mellitus X 
Addison’s disease x 
Hyperthyroidism x 
Multiple sclerosis ; X 
Myasthenia gravis X 
Gluten-sensitive enteropathy X ? 
Dermatitis herpetiformis X ? 
Psoriasis X 
Chronic active hepatitis X 2 
Sjdgren’s syndrome X ? 
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been carried out using homozygous MLC-typing cells, the association with HLA-B 
has been found to be a function of a stronger association with an HLA-D allele in 
linkage disequilibrium with the HLA-B allele. Before turning to the significance of 
this. trend, it should be noted that ankylosing spondylitis, Reiter’s disease, and 
hemochromatosis appear to be exceptions to this generalization. Controlled family 
studies will be required to resolve the reason for these exceptions, but if they are 
due to stronger associations with HLA-A or HLA-B antigens, it would seem clear 
that there must be several different mechanisms underlying HLA and disease associ- 
ations. 

Since most HLA and disease associations appear to be due to the effect of genes 

‘either in the HLA-D region, or showing strongest linkage disequilibrium with this 
region, we: must, for the moment, assume that an understanding of the function of 
genes in the HLA-D region will permit us to understand the mechanism of this type 
of association. Unfortunately, our knowledge of the function of the HLA-D gene(s) 
is fragmentary. At present, it is clear that these genes determine the structure of 
lymphocyte cell-surface antigens, eliciting a mixed-lymphocyte-culture reaction. 
Preliminary evidence indicates that this genetic region also determines the structure 
of lymphocyte cell-surface antigens analogous to the murine Ia antigens. It is 
probable that these antigens are the same ones that elicit the mixed-lymphocyte- 
culture reaction. 

Beyond this, we are forced to rely on analogy with the murine model, where genes 
determining the structure of the Ia antigens are genetically inseparable from genes 
determining immune responsiveness (Jr) and immune suppression (Js), as well as 
cellular interaction between T lymphocytes and B lymphocytes, and T lymphocytes 
and macrophages. The evidence that Ia antigens are intimately involved in antigen- 
specific, T-cell-derived, “receptor” molecules has been cited earlier. By extrapola- 
tion, we can then postulate that many of the HLA and disease associations may be 
due to the effects of specific Jr or Zs genes that result in hypernormal response to 
environmental agents, or conversely, to suppression of the normal response to 
environmental agents. Thus, suppression of the normal cell-mediated immune re- 
sponse to a virus, toxin, or environmental antigen might predispose to disease, even 
though superficial measurement of antibody response to the virus in question reveals 
no significant differences. ; i 

Although all of the available evidence indicates that HLA-linked Jr and Js genes 
are major factors in HLA and disease associations, it must be emphasized that Jr 
genes have not yet been conclusively demonstrated in man. In addition, the several 
HLA-linked complement genes have not yet been precisely mapped: It is quite 
possible that the genetic organization of the HLA system shows considerable differ- 
ences from the H-2 system, a possibility underlined by the existence of the HLA-C 
locus, which does not yet have a murine counterpart. The different recombination 
rates between HLA-A and-B, and H-2K and D, and the different position of the 
HLA-D gene(s) and the J-region genes emphasizes the possibility that the genetic 
organization of the HLA system may show important differences from the H-2 
system, despite the very close overall analogy in the structure and molecular weight 
of the gene products of both of the systems. Noting these cautions, the actual and 
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potential analogies are still impressive. Thus, in the mouse it has been demonstrated 
(see Section 2) that two genes in the / region are required for immune responsiveness 
to some antigens. This finding offers a potential explanation for the marked linkage 
disequilibrium seen in the HLA system and postulated to account for the association 
between particular HLA-B or D alleles and disease. Thus, a particular HLA hap- 
lotype might be selected for because it carried two genes required for immune 
response (or conversely, suppression of the immune response) to a particular foreign 
antigen. i 

Study of this possibility will require identification of the numerous genes postu- 
lated to exist in the HLA-D region of the HLA system. It is probable that the 
HLA-D region is as complex as the J region in the mouse, and that particular 
combinations of alleles of different genes in the HLA-D region have marked selective 
survival advantage. While these haplotype combinations may have conferred a 
survival advantage during the course of evolution, it is also possible that particular 
alleles of one or more genes within the HZA-D region predispose to a particular 
disease. (In this respect, it is important to note that most of the HLA-associated 
diseases do not affect the individual until after the peak reproductive period, and 
would thus not function as semilethals.) : 


CONCLUSIONS AND PROSPECTS 


It is now clear that the HLA system plays a major role in determining susceptibility 
to a wide variety of diseases. Many, but not all of these HLA-disease associations 
are due to genes in the HZA-D region, the human analog of the murine J region. 
It seems clear that many of these disease associations are due to the effect of immune 
response (Zr) or immune suppression (Js) genes determining hyper- or hyponormal 
responsiveness to viruses, toxins, or environmental antigens. It seems equally clear 
that this extraordinarily complex genetic system has other functions, and that 
derangements in some of these other functions underlie some of the observed HLA- 
disease associations. 

Our knowledge of the genetic organization of the HLA system is presently very 
incomplete, particularly with respect to genes other than those determining the 
serologically detectable antigens (HLA-A, B, C). Because of the importance of the 
HLA-D region in disease association, and because of the complexity of the analo- 
gous J region in the mouse, the next major step in analyzing the function of the HLA 
system and its disease associations will involve development of techniques for detect- 
ing particular alleles of the multiple genes in the HLA-D region, which presumably 
code for cell-surface proteins analogous to murine Ia antigens. The demonstration 
that some pregnancy sera contain antibodies that react primarily with B lym- 
phocytes, and which also identify a set of cell-surface alloantigens on B lymphocytes 
of approximate molecular weight 33,000, indicates that specific sera are available. 
Analysis of this alloantigenic system may permit subdivision and identification of 
alleles at closely linked loci in a manner analogous to the analysis of the HLA-A, 
B, and C loci. 


HLA AND DISEASE SUSCEPTIBILITY 449 


The ability to detect different alleles of the multiple genes that almost certainly 
exist in the HLA-D region offers great promise in further analyzing and under- 
standing associations between the HLA system and disease. First, correlation of 
these postulated.genes with immune responsiveness to a wide variety of antigens 
should permit conclusive demonstration and mapping of human Jr and Js genes. 
Second; it is likely that identification of multiple genes within the HLA-D region 
will result in demonstration of extremely strong associations between particular 
alleles of genes in this region and particular diseases. Thus, if adequate reagents were 
available, it might be possible to demonstrate that all or nearly all patients with a 
particular autoimmune disease such as Sjogren’s syndrome or chronic active hepati- 
tis carried a particular allele of one or two genes in the HLA-D region, whereas 
current methods of HZA-D locus typing (MLC typing) can detéct only those 
patients who share all genes in the HLA-D region. 

If such strong associations can be detected for those diseases known to be asso- 
ciated with the HLA system, it is also likely that new associations between particular 
genes in the HLA-D region and other diseases will be discovered. The list of 
candidate diseases is large (e.g. polyarteritis nodosa, scleroderma, dermatomyositis, 
Guillain-Barré syndrome, Wegner’s granulomatosis, polymyalgia rheumatica, etc). 
If new and stronger associations are discovered with HLA-D region genes, then 
HLA typing, and in particular HLA-D typing, may well be extremely important 
diagnostic and prognostic tools. For those diseases showing strong associations with 
HLA-D region genes, abnormalities in immune responsiveness, either hyper- or 
hyponormal, may well be major predisposing factors, and it will be important to 
identify the environmental agent—virus, toxin, or environmental antigen—respon- 
sible for initiating the pathogenic process. 

Finally, we hope that studies of the function of the H-2K and H-2D, and HLA-A, 
B, and C gene products, as well as a study of their structure, will lead to an 
understanding of the function of these gene products, their polymorphism, and their 
relationship to other cell-surface molecules, such as receptor molecules. This in turn 
should permit an understanding of the way in which different alleles of these genes 
might predispose to diseases such as ankylosing spondylitis and hemochromatosis. 
The recent findings that diseases such as hemochromatosis and primary open-angle 
glaucoma show an association with genes in the HLA system underlines the extraor- 
dinarily broad effects of this system, and emphasizes the probability that the major 
histocompatibility system plays a major role in the function of cell-surface molecules 
and in cellular interaction. Unraveling all of these complex functions promises to 
make major contributions to our understanding of the pathogenesis of a wide variety 
of diseases. 


ACKNOWLEDGMENTS 


This work was supported in part by National Institutes of Health Grants AI 07757 
and AI 11313. 


450 


SASAZUKI, GRUMET & MCDEVITT 


Literature Cited 


1. 


15. 


16, 


Lilly, F., Boyse, E. A., Old, L. J. 1964. 
Genetic basis of susceptibility to viral 
leukaemogenesis. Lancet ii:1207~9 


. Amiel, J. L. 1967. In Histocompatibility 


Testing, ed. E. S. Curtoni, P. L. Mat- 
tius, R. M. Tosi, pp. 79-81. Copen- 
hagen: Munksgaard. 458 pp. 


. McDevitt, H. O., Tyan, M. L. 1968. Ge- 


netic control of the antibody response in 
inbred mice: Transfer of response by 
spleen cells and linkage to the major 
histocompatibility (H-2) locus. J. Exp. 
Med. 128:1-11 


. McDevitt, H. O., Benacerraf, B. 1969. 


Genetic control of specific immune re- 
sponses. Ady, Immunol. 11:31-74 


. Benacerraf, B., McDevitt, H. O. 1972. 


The histocompatibility-linked immune. 
response genes. Science 175:273-79 


. Katz, D. H., Benacerraf, B. 1976. The 


Role of Products of the Histocompatibil- 
ity Gene Complex in Immune Re- 
sponses. New York: Academic. 780 pp. 


. Shreffler, D. C., David, C. S. 1975. The 


H-2 major histocompatibility complex 
and the J immune response region: Ge- 
netic variation, function, and organiza- 
tion. Adv. Immunol. 20:125 


. Zinkernagel, R. M., Doherty, P. C. 


1976. See Ref. 6, pp. 203-12 


. McDevitt, H. O., Deak, B. D., Shreffler, 


D. C., Klein, J., Stimpfling, J. H., Snell, 
G. D. 1972. Genetic control of the im- 
mune response: Mapping of the Jr-/ 10- 
cus. J. Exp. Med. 135:1259-78 


. Benacerraf, B. 1976. See Ref. 6, pp. 


225-48 


: Taussig, M. J., Munro, A. J., Luzzati, 


A. L. 1976. See Ref. 6, pp. 541-52 


. Tada, T., Taniguchi, M. 1976. See Ref. 


6, pp. 506-12 


. Murphy, D. B., Okumura, K., Herzen- 


berg, L. A., Herzenberg, L. A., McDe- 
vitt, H. O. 1976. Selective expression of 
separate J region loci in functionally 
different lymphocyte subpopulations. J. 
Exp. Med. In press 


. McDevitt, H. O. 1976. The evolution of 


genes in the major histocompatibility 
complex. Fed. Proc. 35:2168-73 
Dausset, J. 1954. Leuco-agglutinins. IV. 
Leuco-agglutinins and blood transfu- 
sion. Vox Sang. 4:190-98 

Payne, R. 1957. Leukocyte agglutinins 
in human sera. Arch. Intern. Med. 
99:587-606 


. van Rood, J. J., van Leeuwen, A. 


Schippers, A., Vooys, W. H., Frederiks, 
H., Balner, H., Eernisse, J. G. 1965. in 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


Histocompatibility Testing, ed. D. B. 
Amos, J. J. van Rood, pp. 37-50. 
Copenhagen: Munksgaard. 288 pp. 
Payne, R., Tripp, M., Wigle, J., Bod- 
mer, W., Bodmer, J. 1964. A new leuko- 
cyte isoantigen system in man. Cold 
Spring Harbor. Symp. Quant. Biol. 
29:285-95 

Dausset, J., Ivanyi, P., Ivanyi, D. 1965. 
See Ref. 17, pp. 51-62 

Terasaki, P. I., McClelland, J. D. 1964. 
Microdroplet assay of human serum 
cytotoxins. Nature 204:998-1000 
Kissmeyer-Nielsen, F., Thorsby, E. 
1970. Human transplantation antigens. 
Transplant. Rev. 4:\-176 

Thorsby, E. 1974. The human major 
histocompatibility system. Transplant. 
Rey. 18:51-129 

Svejgaard, A., Hauge, M., Jersild, C., 
Platz, P., Ryder, L. P., Staub-Nielsen, 
L., Thomsen, M. 1975. The HLA sys- 
tem: An introductory survey. Monogr. 
Hum. Genet. 7:3~102 

Lammn, L. U., Friedrich, U., Petersen, 
G. B., Jorgenson, J., Nielsen, J., Ther- 
kelsen, A. M., Kissmeyer-Nielsen, F. 
1974. Assignment of the major his- 
tocompatibility complex to chromo- 
some No. 6 in a family with pericentric 
inversion. Hum. Hered. 24:243-84 
Kissmeyer-Nielsen, F., Svejgaard, A., 
Hauge, M. 1968. Genetics of the human 
HL-A transplantation system. Nature 
219:1116-19 

Low, B., Messeter, L., Mansoon, S., 
Lindholm, T. 1974. Crossing-over be- 
tween the SD-2 (four) and SD-3 (AJ) 
loci of the human major histocompati- 
bility chromosomal region. Tissue Anti- 
gens 4:405 

Dupont, B., Staub-Nielsen, L., Svej- 
gaard, A. 1971. Relative importance 
of four and LA loci in determining 
mixed-lymphocyte reaction. Lancet 
ii:1336-40 

Bodmer, J. G., Colombani, J., Rocques, 
P., Degos, L., Bodmer, W. F., Dausset, 
J., Piazza, A. 1972. In Histocompatibil- 
ity Testing, ed. J. Dausset, J. Colom- 
bani, pp. 621-67. Copenhagen: Munks- 
gaard. 778 pp. 

Bodmer, J. 1975. In Histocompatibility 
Testing. ed. F. Kissmeyer-Nielsen, 
pp. 21-99. Copenhagen: Munksgaard. 
1035 pp. 

Payne, R., Radvany, R., Grumet, F. C. 
1975. A new second locus HL-A anti- 
gen in linkage disequilibrium with HL- 


31. 


32. 


33. 


34. 
35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


HLA AND DISEASE SUSCEPTIBILITY 


A2 in Cantonese Chinese. Tissue Anti- 
gens 5:69-71 

Strominger, J. L., Chess, L., Herrmann, 
H. C., Humphreys, R. E., Malenka, D., 
Mann, D., McCune, J. M., Parham, R., 
Robb, R., Springer, T. A. Terhorst, C. 
1975. See Ref. 29, pp. 719-30 
Goodfellow, P., Jones, E., van Heynin- 
gen, V., Solomon, E., Bobrow, M., Mig- 
giano, V., Bodmer, W. F. 1975. The 
B-2 microglobulin gene is on chromo- 
some #15 and not in the HL-A region. 
Nature 254:267-69 

van den Tweel, J. G., Blusse van Oud 
Alblas, A., Keuning, J. J., Goulmy, E., 
Termijtelen, A., Bach, M. S., van Rood, 
J. J. 1973. Typing for MLC (LD): L 
Lymphocytes from cousin-marriage off- 
spring as typing cells. Transplant. Proc. 
5:1535—49 

Thorsby, E., Piazza, A. 1975. See Ref. 
29, pp. 414-58 

Haverkorn, M. J., Hofman, B., Masu- 
rel, N., van Rood, J. J. 1975. HL-A 
linked genetic control of immune re- 
sponse in man. Transplant. Rev. 22: 
120-24 

McDevitt, H. O., Delovitch, T. L., 
Press, J. L., Murphy, D. B. 1976. Ge- 
netic and functional analysis of the Ia 
antigens: Their possible role in regulat- 
ing the immune response. Transplant. 
Rev. 30:197-235 

Wernet, P. 1976. Human Ia-type al- 
loantigens: Methods of detection, as- 
pects of chemistry and biology, markers 
or disease states. Transplant. Rev. 
30:270-98 

Walford, R. L., Gosset, T., Troup, G. 
M., Gatti, R. M., Mittal, K. K., Rob- 
bins, A., Ferrara, G. B., Zeller, E. 1976. 
The Merritt alloantigenic system of hu- 
man B-lymphocytes. Evidence for 13 
possible factors including one six mem- 
ber segregant series. J. Immunol, 
116:1704-10 

Ting, A., Mickey, M. R., Terasaki, P. I. 
1976. B-lymphocyte alloantigens in 
Caucasians. J. Exp. Med. 143:981-86 
Jersild, C., Fog, T., Hansen, G. S., 
Thomsen, M., Svejgaard, A., Dupont, 
B. 1973. Histocompatibility determi- 
nants in multiple sclerosis with special 
reference to clinical course. Lancet 
ii:1221-25 

Terasaki, P. I., Park, M. S., Opelz, G., 
Ting, A. 1976. Multiple sclerosis and 
high incidence of a B lymphocyte anti- 
gen. Science. In press 

Ryder, L. P., Svejgaard, A. 1976. In 
Report from the HLA and Disease Reg- 


43. 


45. 


46. 


47. 


48. 


49. 


50. 


31. 


52. 


53. 


34. 


55. 


56. 


451 


istry of Copenhagen 1976, pp. 1-34 
Copenhagen: Ryder & Svejgaard. 34 pp. 
Svejgaard, A., Platz, P., Ryder, L. P., 
Staub-Nielsen, L., Thomsen, M. 1975. 
HLA and disease associations—A sur- 
vey. Transplant. Rev, 22:3-44 


. Calin, A., Fries, J. F. 1975. Striking 


prevalence of ankylosing spondylitis in 
“Healthy” W27 positive males and 
females. A controlled study. N. Engl. J. 
Med. 293:835-39 

Sairanen, E., Tillikinan, A. 1975. HL- 
A27 in Reiter’s Disease following 
shigellosis. Scand. J. Rheumatol. 4: 


30-41 

Calin, A., Fries, J. F. 1976. An “experi- 
mental” epidemic of Reiter's syndrome 
revisited. Follow-up evidence on genetic 
and environmental factors. Ann. Intern. 
Med. 84:564-66 

Wagner, L. P., Fessel, W. J. 1975. HL- 
A27 (W27) absent in gonococcal arthri- 
tis. Lancet i:1094-95 

Morris, R., Metzger, A. L., Bluestone, 
R., Terasaki, P. I. 1974. HL-A W27— 
A clue to the diagnosis and pathogene- 
sis of Reiter’s syndrome. NEngl. J. 
Med. 290:554-56 

Stastny, P. 1975. See Ref. 29, pp. 797- 
804 

McMichael, A. J., Sasazuki, T., McDe- 
vitt, H. O., Payne, R. O. Manuscript in 
preparation 

Mann, D. L., Katz, S. J., Nelson, D. L., 
Abelson, L. D., Strober, W. 1976. Spe- 
cific B cell antigens associated with glu- 
ten-sensitive enteropathy and dermati- 
tis herpetiformis. Lancet i:110-11 
Simons, N. J., Chan, S. H., Ho, J. H. C., 
Chan, J. C. W., Day, N. E., de The, G. 
B. 1975. See Ref. 29, pp. 809-12 
Rogentine, G. N., Trapani, R. J., Yan- 
kee, R. A., Henderson, E. S. 1973, 
HL-A antigens and acute lymphocytic 
leukemia: The nature of the HL-A2 as- 
sociation. Tissue Antigens 3:470-76 
Delmas-Marsalet, Y., Hors, J., Colom- 
bani, J., Dausset, J. 1974. Study of 
HL-A genotypes of a case of familial 
chronic lymphocytic leukemia (CLL). 
Tissue Antigens 4:441-45 

Levine, B. B., Stember, R. H., Fotino, 
M. 1972. Ragweed hayfever: Genetic 
control and linkage to HLA haplotypes. 
Science 178:1201-3 

Fu, S. M., Kunkel, H. G., Brusman, H. 
P., Allen, F. H., Fotino, M. 1975. Evi- 
dence for linkage between HL-A his- 
tocompatibility genes and those in- 
volved in the synthesis of the second 


452 


57. 


58. 


59. 


60. 


61. 


SASAZUKI, GRUMET & MCDEVITT 


component of complement. J. Exp. 
Med. 140:1108~12 


Rittner, C., Hauptman, G., Grosse- 


Wilde, H., Grosshaus, E., Tongio, M. 
M., Mayer, S. 1975. See Ref. 29, pp. 
945-54 

Amos, D. B., Ruderman, R., Mendell, 
N. R., Johnson, A. H. 1975. Linkage 
between HL-A and spinal development. 


. Transplant. Proc. 7:93-95 


Calin, A., Fries, J. F., Stinson, E. B., 
Payne, R. 1976. Normal frequency of 
HL-A B27 in aortic insufficiency. N. 
Engl. J. Med. 293:397-99 

Tagawa, Y., Sugiura, S., Yakura, H., 
Wakisaka, A., Aizawa, M., Itakura, K. 
1976. In HLA and Disease ed. J. Daus- 
set, A. Svejgaard, p. 263 Paris: Inst. 
Natl. Sante Rech. Med. 333 pp. 
Aviner, Z ., Henley, W. L., Fotino, M., 
Leopold, I. H. 1976. Histocompatibility 


62. 


63. 


(HLA) antigens and primary open an- 
gle glaucoma. Tissue Antigens 7:193- 
200 


Stem, R, Fu, S. M., Fotino, M. 
Agnello, V., Kunkel, H. G. 1976. 
Hereditary C2 deficiency associations 
with skin lesions of systemic lupus 
erythematosus: Arthritis Rheum. 19: 
-19 : 
Meruelo, D., Edidin, M. 1975. Associa- 
tion of mouse liver adenosine 3':5'- 
cyclic monophosphate (cyclic AMP) 
levels with histocompatibility-2 geno- 
type. Proc. Natl. Acad. Sci. USA 12: 
3444 8 


. Ivanyi, P., Hampl, R., Starka, L., Mick- 


ova, M. 1972. Genètic association be- 
tween H-2 gene and testosterone metab- 
olism in mice. Nature New Biol 
283:280~81 


Ann, Rev. Med. 1977. 28:453-65 
Copyright © 1977 by Annual Reviews Inc. All rights reserved 


STRUCTURE AND FUNCTION #7254 
OF ALPHA-FETOPROTEIN 


Thomas B. Tomasi; Jr., M.D., Ph.D. 
Department of Immunology, Mayo Medical School, Rochester, Minnesota 55901 


INTRODUCTION 


Alpha-fetoprotein (AFP) is one of several embryo-specific proteins and is a domi- 
nant serum protein as early in human embryonic life as one month, when albumin 
and transferrin are present in relatively small amounts (1). It is first synthesized in 
the human by the yolk sac and liver (1-2 months) and subsequently predominantly 
in the liver (2). In other species, such aš the mouse, rat, and chicken, synthesis by 
the yolk sac continues until birth. A small amount of AFP is produced by the GI 
‘tract of the human conceptus. In sharks a protein, perhaps analogous to AFP, has 
been described that is produced in the yolk sac and liver and also in large amounts 
in the GI tract (3). Thus, a homologue of AFP may exist as far back in evolution 
as 400 million years, at a time when the mammals and elasmobranchs diverged. 

The function of AFP during development and subsequently in the adult is largely 
unknown. Interest in this protein has centered primarily on the clinical observations 
(see below) that it may reappear in the serum in elevated amounts in adult life in 
association with normal restorative processes (i.e. liver regeneration) and with ma- 
lignant growth. Elevations of AFP are a well-known diagnostic aid in hepatomas 
and teratoblastomas, but in addition, more recent data suggest that a significant 
percentage of other tumors, particularly of primitive gut origin, also have elevated 
levels (4). It is thought that the reappearance of this fetal protein results from the 
decrease of a repressor, which normally appears during the end of embryonic life. 


STRUCTURE 


Mouse AFP is a glycoprotein (5%. carbohydrate) having a single polypeptide chain 
(single N-terminal residue) with a molecular weight of 70,000 by SDS gel electro- 
phoresis, and about 67,000 by ultracentrifugation (T. Tomasi, K. Oles, unpublished 
data). The molecular weights and amino acid compositions of human, dog, rabbit, 
cat, rat, and mouse AFP are similar, although species differences are found in 
compositions and peptide mapping (5). At least two types of rat AFP (6) and three 
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types of human AFP (7) have been recognized by gel electrophoresis. The basis of 
these forms and whether they represent synthetic or postsynthetic differences is 
unknown. Although AFPs with differing numbers of sialic acid residues have been 
recognized, the forms referred to above are not due to differences in sialic acid 
content. An interesting study (8) indicates that AFP and albumin show significant 
amino acid homologies, suggesting the possibility that AFP could be an embryonic 
analogue of albumin, similar to the fetal-adult hemoglobin system. 

Immunization of an animal with its own AFP does not lead to antibody formation 
because of tolerance, probably of the low-zone type, maintained by T cells. Toler- 
ance can be broken by altering the AFP (i.e. addition of haptenic groups) or by 
immunizing with a cross-reacting AFP from another species (9). For example, 
rabbits immunized with human AFP react both with human and with their own 
AFP (5), although maintaining some specificity for the human protein. These anti- 
bodies eliminate the animal’s normal serum AFP, demonstrating that they are 
indeed autoantibodies (9). 


SYNTHESIS 


AFP production has been studied in several in vitro systems, including cell lines 
derived from rat hepatomas and isolated fetal hepatocytes. Using rat hepatoma lines, 
it was shown that some clones produce high levels of AFP and low levels of albumin, 
and others the reverse (10). Moreover, albumin and AFP are produced during 
different parts of the cell cycle. AFP is synthesized during G1 and S phases, while- 
albumin is produced ‘from mid-S through G2, the exact phases in the cell cycle 
varying somewhat with different clones. By immunofluorescence, it has been deter- 
mined that AFP and albumin are probably synthesized in different cells and hepato- 
mas consist of mixtures of cells, some producing AFP, others albumin, and some 
nonproducing cells. If a high proportion of nonproducing cells is present, the serum 
levels of AFP may be low (10). The capacity of a given hepatoma to produce AFP 
is also related to its chromosome composition and growth rate (11), as well as to 
the phase of the cell cycle. In general, fast-growing aneuploid tumors produce more 
AFP and have higher serum AFP levels, although exceptions occur. Studies on 
monolayers of fetal hepatocytes have suggested that production of AFP and the 
heme-binding protein hemopexin are related to hepatocyte proliferation, whereas 
albumin and haptoglobin synthesis are not (12). However, certain hepatocarcino- 
gens (N-2 fluorenylacetamide) stimulate AFP production in the absence of a detect- 
able increase in mitosis (13), so that DNA synthesis and mitosis are not necessary 
for the release of AFP. AFP levels are also influenced by hormones with glucocor- 
ticoids, thyroxine, and adrenaline, all causing a dramatic decrease in blood levels 
of AFP in newborn mice (14). It is postulated that AFP is produced by an “interme- 
diate” cell, lying ontogenically between a stem cell and the mature hepatocyte, and 
that glucocorticoids block the proliferation of the AFP-producing cells. 

A key question concerns the significance of the coupling of AFP synthesis to the 
cell cycle. A possibility to be seriously considered is that AFP in some way controls 
cell growth, although exogenously added AFP does not affect the rate of cell growth 
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of fetal hepatocytes (15). It has been hypothesized (16) that intracellular AFP may 
affect cell growth by virtue of its ability to bind estrogens. Rat and mouse AFP have 
a high binding affinity for certain estrogens (17, 18). Since estrogens stimulate very 
low-density lipoprotein (VLDL) output by the liver and VLDL suppresses the 
initiation of DNA synthesis by fetal hepatocytes, it has been speculated that AFP, 
by binding estrogens, lowers VLDL and therefore DNA synthesis increases (16). We 
_ have noted (19) that during a mixed-lymphocyte reaction, levels of total protein 
synthesis and membrane AFP occur in a cyclic fashion, with a decrease in protein 
synthesis being preceded by a rise in membrane AFP, suggesting that AFP may act 
as a negative-feedback signal for protein synthesis. If these initial experiments are 
verified, then AFP could play a role in regulation of cell growth and synthetic 
activities in cells other than hepatocytes, i.e. lymphocytes and possibly other cells. 
A recent report (20) suggests that AFP may be identical to the cytosol receptor for 
estrogens in the rat uterus. Since this receptor plays a key role in controlling RNA 
and protein synthesis in estrogen-sensitive tissues (21), the identity of AFP with the 
steroid receptor would indicate an important function of AFP in controlling cell 
metabolism. At the moment, however, it is difficult to reconcile the various observa- 
tions mentioned above, and they should be considered as interesting speculations 
worthy of further experimentation. 


METABOLISM 


Each species has a characteristic pattern of changes in the concentration of AFP 
during development. As shown in Figure 1, AFP reaches a maximum level in human 
fetal serum around the third month of gestation (3.0 mg/ml), then drops almost 
linearly as birth approaches (22). Although the concentration of AFP in fetal serum 
falls after the first trimester, the total quantity of AFP synthesized increases until 
20 weeks and then remains constant until about 32 weeks. Thus the decrease in 
serum concentration is not due to diminished synthesis, but rather to the fact that 
the weight of the fetus and thus the volume in which AFP is distributed is increasing 
even more rapidly than synthesis (22). Following birth, AFP levels decline very 
rapidly (half-life of human AFP is 3.5-4.0 days) during the first 1-2 weeks of life, 
then more slowly until it reaches normal adult levels by 1-2 years of life (23). In. 
the rat and mouse, the levels in the fetal serum fall much less sharply in later 
pregnancy and are significantly higher (8-10 mg/ml) than in the human, due mainly 
to continued synthesis by the yolk sac. AFP synthesis in these species falls rapidly 
at birth (loss of yolk-sac synthesis), but continues at a higher level than in the human 
for 5-8 weeks, then stabilizes at adult levels. 

Elevated serum levels of AFP (500 ng/ml) have been reported in normal pregnant 
women (24), which reach a maximum during the third trimester. The reason for the 
late rise compared with the peak of fetal concentration (12-14 weeks) is unknown. 
Although the placental size increases 3.3-fold from 20 to 32 weeks, the maternal 
plasma concentration increases ninefold over the same period (2). Thus, either there 
is an increase in placental permeability as pregnancy progresses, or the mother 
synthesizes AFP. There is evidence for the former with other proteins, although 
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Figure 1 Human fetal plasma concentration of AFP (. ) and total production of AFP 
measured by plasma concentration X fetal body weight (-------- ) at various times during human 
gestation. (Redrawn from Gitlin, D., Boesman, M. 1966 J. Clin. Invest. 45:1826.) 





maternal synthesis has not been as carefully examined as it should be. Since the 
development of a sensitive radioimmunoassay, it is now known that AFP persists 
in normal adult serum in amounts that are approximately 1/10,000 of the maxi- 
mal fetal concentration. In the human, the normal adult serum values are about 
1-40 ng/ml, whereas certain strains of adult mice normally have 200-500 ng/ml 
in their serum. 


IMMUNOREGULATION BY AFP 


-An intriguing possibility suggested by current work from several laboratories (25- 
32) is that AFP has immunoregulatory properties, although not all reports are in 
agreement with this finding (33-36). Such a function, if verified, could be important 
in the regulation of the immune response during the fetal and newborn period, and 
also have implications in other situations where AFP is significantly elevated, such 
as in hepatitis, tumors, and during pregnancy. 

Basically, the theory that AFP has immunoregulatory properties rests on the 
following observations. Microgram amounts of purified AFP added to in vitro 
cultures of splenic or lymph-node mononuclear cells exert a suppressive effect on 
antibody synthesis, both in the primary and secondary responses to the T-cell- 
dependent antigen, sheep red blood cells. The effect is not due to cytotoxicity, and 
preincubation studies indicate that lymphocytes treated with AFP for eight hours 
and then washed are suppressed. Administration of AFP in the form of mouse 
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amniotic fluid also inhibits the in vivo antibody response, particularly in the T-cell- 
dependent classes (yG and yA) (27). Cell-mediated reactions, such as mitogen- 
induced lymphocyte transformation, as. well as the mixed-lymphocyte reaction 
(MLR), are also inhibited by the order of 1-10 ug/ml of AFP added to the culture. 
Some confusion exists regarding a recent report (37) that bovine fetuin is im- 
munosuppressive. However, bovine fetuin and AFP are quite different proteins, and 
we have recently shown (38) that isolated bovine AFP is suppressive in small 
concentrations (1-5: ug/ml), while fetuin is stimulatory in concentrations up to 500 
pg/ml. ` l i S Eo ae 

The cell involved in binding.mouse AFP is a subset-of T lymphocytes (39). This 
is based primarily on work using the fluorescent-antibody technique showing that 
cell-surface binding of AFP occurs after in vitro incubation of AFP with prepara- 
tions of spleen cells containing 95% T cells. Approximately one third of the T cells 
in these preparations have receptors for AFP, and no binding occurs to macrophage- 
enriched populations, nude-spleen cells, spleen cells depleted of T cells by treatment 
with anti-@ plus complement, or bone marrow cells. Interestingly, there is little 
binding to whole thymocytes and only 6% of cortisone-resistant thymocytes have 
receptors for AFP. This suggests the possibility that AFP surface receptors require 
additional maturation after peripheralization from the thymus. Splenic lymphocytes 
from pregnant animals also have about one third of their T cells bearing surface 
AFP. These cells are a special subset of light-density T cells that can be isolated on 
Ficoll density-gradient columns (R. Thompson, T. Tomasi, in press). AFP could act 
by stimulating suppressor cells or,-alternatively, by inhibiting helper and amplifier 
cells. Preliminary data suggest that AFP effects changes in intracellular cyclic AMP 
(cAMP) and GMP (cGMP) levels in a direction (decreased: intracellular 
cAMP/cGMP), suggesting that T cells are suppressed (M. Burritt, R. Keller, T. 
Tomasi, unpublished observations). 

Interestingly, although many of the clinical disorders (discussed below) are asso- 
ciated with decreased T-cell numbers, human AFP does not inhibit E-rosette forma- 
tion (40, 41). 


ESTROGEN-BINDING PROPERTIES OF AFP 


Mouse and rat AFP has a high binding affinity for estrogens (Kg=10-°-10-!°M) with 
` estrone > estradiol > estriol. Assuming one site per molecule, it has been estimated 
(42) that 20-30% of fetal serum and 90% of amniotic-fluid AFP have bound 
estrogens. This suggests that two species of AFP may occur, with regard to their 
estrogen-binding activity. However, only a small percentage (< 2%) of AFP mole- 
cules in human serum has been reported to possess estrogen-binding properties. The 
proportion of estrogen-binding AFP in human amniotic fluid, however, is variable 
in our experiments and more work in this area is needed. However, using tritiated 
estrogens and autoradiography, labeled cells have been found in human tumors of 
nonhepatic as well as hepatic origin. The presence of radioactivity in fetal rat liver, 
yolk sac, and intestine, but not in adult animals, suggests that AFP is in large part 
responsible for this localization, although such studies do not provide direct evi- 
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dence for AFP synthesis in these tissues. Interest in the binding properties of AFP 
has been heightened by the report (43) that the immunosuppressive activity of AFP 
can be deleted by dialysis against 0.5M KCI (pH 5.8), a procedure that does not 
remove estrogens from their cell receptors. Moreover, activity can be restored by 
the addition of an ether extract of the KCI dialysate, which contains high levels of 
estrogens by radioimmunoassay. However, on thin-layer chromatography of the 
ether extract, at least four components are seen, so the nature of the restorative 
substance(s) is presently uncertain, and it has not been excluded that prostaglandin 
or some other unidentified dialyzable factor is necessary for suppression. The sialic 
acid content of the AFP could also be of importance since in our work, cell-surface 
binding of AFP is inhibited by methyl a-p-glucopyranoside. 


CLINICAL SITUATIONS WITH ELEVATED AFP 


Elevations of serum AFP have been reported in (a) the fetus and neonatal animal; 
(b) pregnancy; (c) hepatitis and chronic liver diseases; (d) tumors, including 
hepatomas, teratomas, and others, particularly those of primitive gut origin; and 
(e) ataxia telangiectasia. 


Fetus and Newborn 


It is well established that the fetus and newborn of many mammalian species are 
immunologically immature in their ability to carry out certain T- and B-cell- 
mediated functions compared to the adult. However, there is considerable variation 
among species in the degree of the immune suppression and its duration following 
birth. There is no question, particularly from the studies by Silverstein’s group (44), 
that under appropriate antigenic stimulation, the fetus and newborn are capable of 
mounting a good immunological response approximating that of the adult, although 
some defects are seen, depending on the antigen employed. Whether the variations 
noted in the immune status of neonates between species and/or with different 
antigens are a reflection of the levels of AFP and the differing effects of AFP on 
various antigens has not been studied. 

An important question involves the possible survival advantages for fetal im- 
munosuppression. Several come to mind. First, potentially antigenic substances of 
benefit to the fetus pass across the placenta, and were they to elicit an immune 
response in the fetus, they would be rapidly inactivated. For example, it has been 
pointed out (45) that there is a survival advantage to the passage of foreign allotypes 
of immunoglobulins from the mother to the fetus and that this would be seriously 
compromised if the offspring were able to respond to the incompatible maternal 
globulins, resulting in their elimination. Second, cells with a capacity for self- 
recognition have been found to exist in normal animals (46). In fetal life, AFP could 
be important in suppressing autoimmunity (maintaining tolerance) while later in 
development, other factors, including blocking antibodies (47), could become pri- 
mary in importance. It is well known that tolerance is more readily induced in the 
neonatal period and AFP could regulate tolerance. Third, seeding of maternal cells 
into the fetus could lead to a graft-versus-host reaction. While the passage of fetal 
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cells into the mother has been well recognized, the extent to which maternal cells 
reach the fetus is unclear. In any case, two alternatives would be available to the 
fetus for avoiding a graft-versus-host reaction—the rapid rejection of the maternal 
cells or the inactivation of the immunological capability of maternal cells, possibly 
by AFP. In the latter case, maternal cells would persist in the fetus until the 
concentrations of AFP fell to levels that would allow fetal cells to reject the lym- 
phocytes. In order to avoid a graft-versus-host reaction, the fetal cells must escape 
suppression by AFP prior to those seeded from the mother. 


Pregnancy 


Nonspecific suppression of cell-mediated reactions in pregnancy has been found in 
a number of studies [reviewed in (48)]. These include a depression of the MLR, 
diminished response to mitogens, decreased tuberculin skin reactivity, decreased in 
vitro response to PPD, depressed skin homograft reactions, and a deficiency in 
cell-mediated reactions to rubella virus. A recent report (49) indicates. that the 
percentage of peripheral blood T and B cells changes significantly during human 
pregnancy. From the 7th to the 20th week, an inversion in the T:B cell ratio (30% 
T, 70%B) occurs, which returns to normal nonpregnant levels (70%T, 30%B) by 
22 weeks, where it remains throughout pregnancy. Several workers have reported 
that maternal plasma contains a factor suppressive for the MLR, mitogen response, 
and antigen-induced leukocyte migration of normal cells. It has been suggested that 
this suppression could be a factor in the failure of the mother to reject the fetal 
allograft. It has also been postulated that defective cellular immunity could be 
related to the increased severity and dissemination of viral infections during preg- 
nancy, which in turn lead to congenital infections such as those with cytomegalic 
and rubella viruses. - E 

Studies in our laboratory (48) have also shown significant suppression in the 
antibody response to sheep red blood cells in pregnant mice, particularly in the 
yA and YG classes, In addition, we have shown that pregnant serum is suppressive, 
when added in vitro, for antibody synthesis and cell-mediated reactions, and that 
suppression is specifically removed by affinity chromatography with an anti-AFP 
antiserum. This suggests that AFP could be an important factor in the immunosup- 
pression of pregnancy. However, the interpretation of these experiments is compli- 
cated by the presence of suppressive factors in normal ‘mouse serum, other 
suppressive (questionable hormonal factors) in pregnant sera, and a recent work 
showing significant but not complete removal of suppression of an anti-immuno- 
globulin affinity column. 

Heterologous (sheep) antibodies against AFP injected into pregnant rabbits 
causes a high incidence of fetal mortality (50). It is not certain whether this results 
from a depletion of AFP, immune complexes, or a direct effect on some target tissue, 
such as the yolk sac, which synthesizes AFP 


Hepatic Diseases 


It is known that some patients with acute hepatitis and chronic acute liver disease 
(CALD) have elevated levels of AFP. It has also been reported (51) that certain 
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patients with chronic hepatitis show diminished cell-mediated reactions. We have 
verified that approximately one third of patients with CALD have diminished 
mitogen and MLRs (52). Approximately 30% of the peripheral blood T cells 
isolated by a sheep red-blood-cell rosetting technique from the suppressed patients 
have surface AFP, while none of the nonsuppressed CALD patients and age- 
matched controls have AFP-positive cells. When cells from suppressed patients are 
cultured for seven days in vitro, surface AFP is lost and the washed cells regain 
normal responsiveness. A suppressive factor for cell-mediated reactions of normal 
cells is then present in the culture supernates. Although AFP-bearing cells showed 
a high correlation with suppression, they did not correlate with the presence of 
Hb, Ag or other immunoserologic markers (ANA, LE, SMA), disease activity, 
duration, or steroid treatment. Thus the role of AFP and immune suppression in 
the pathogenesis of CALD remains obscure. l 

AFP is classically elevated in some of the patients with hepatomas, and has been 
a useful diagnostic tool in their detection. The serum levels of AFP in hepatomas 
vary widely and in some cases are normal. This is probably related to the number 
of AFP-producing versus nonproducing cells in the particular tumor. We have 
examined (R. Keller, A. Schutt, T. Tomasi) the sera of seven patients with hepato- 
mas and found they suppressed the phytohemagglutinin (PHA) responsiveness and 
the MLR of normal mononuclear cells. Whether this is due to AFP has not been 
completely established. 

The sera of patients with tyrosinemia have elevated levels of AFP, probably 
related to the associated hepatic disease. These children have normal cell-mediated 
reactions (mitogen responses and MLRs), and this is a cogent argument against an 
important immunoregulatory role for AFP (34). However, further studies on the 
nature of the AFP in these patients, its ability to suppress normal cells and the 
suppressibility of cells from these patients by normal AFP should be carried out 
before any definite conclusions are reached. 


Malignancies 


Malignancies other than hepatomas and teratomas, particularly neoplasms of the 
primitive gut origin (gastric, pancreatic, and biliary carcinoma), may have high 
serum levels of AFP (4). Liver metastasis need not be present for elevation of AFP 
to occur, and the evidence suggests that AFP may be produced locally at the tumor 
site. The elevations of AFP in tumors of endodermal origin may represent derepres- 
sion of cells capable of synthesizing AFP during early development. 

In studies of patients and their relatives from so-called cancer-prone families (53), 
we have found (54) a high incidence of surface AFP-—positive peripheral-blood 
mononuclear cells in the absence of elevations of serum AFP determined by a 
sensitive radioimmunoassay technique. It was found that 86% of patients with overt 
malignancies, 63% of first-degree relatives, and 18% of second-degree relatives had 
AFP-bearing cells, while none of the spouses or normal age-matched controls 
possessed positive cells. The presence of cells with surface AFP showed a high 
correlation with suppression of mitogen responsiveness. Culture of the AFP-positive 
lymphocytes in vitro for seven days resulted in a return toward normal of the 
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mitogen response that was associated with a loss of AFP from the cell surface. 
Thirty-two patients with gastric carcinoma and twelve with brain tumors from 
families without a striking incidence of cancer had normal mitogen responses and 
no AFP-staining cells. It will be of considerable interest to follow those AFP- 
positive relatives without overt tumors for the subsequent development of cancer. 


Graft-Versus-Host Disease and Lymphomas 


During chronic murine graft-versus-host (GVH) disease, as shown by Keller et al, 
approximately one third of the splenic lymphocytes demonstrated surface AFP by 
immunofluorescence (19). Splenic lymphocytes also have a suppressed PHA re- 
sponse, while lymph-node cells from the same GVH animal have no surface AFP 
and a normal mitogen response. Synthesis of AFP has been demonstrated: in GVH 
spleens as well as in the in vitro allogeneic reaction (MLR), as measured by 
'4C-leucine incorporation. GVH animals have normal levels of AFP by radioim- 
munoassay, demonstrating the phenomena of local (splenic) immune suppression 
associated with AFP-bearing cells and AFP synthesis in the absence of serum 
elevations. Local production of AFP is also shown by the finding of splenic AFP 
and suppression with only a small amount of AFP synthesis and no immunosuppres- 
sion in lymph nodes. We believe that these observations could have importance in 
certain malignancies where regional immune suppression at the site of the tumor, 
which may not be reflected in studies of systemic immunity, may be operative. This 
is also the first demonstration of the synthesis of AFP in lymphoid tissues and has 
implications in theories relating oncogenesis and immunity. Since lymphoma cells 
could not be demonstrated in the spleens of the chronic GVH animals and AFP 
production was seen in in vitro allogeneic reactions (MLR), we postulate that 
embryonic antigens, including AFP, appear on the surface of cells undergoing 
transformation in response to allogeneic stimuli. AFP produced locally from blast 
cells may be of importance in the development of malignancies, either by suppress- 
ing immune surveillance against tumor cells or by suppressing immunity against 
‘oncogenic viruses. 

Since GVH animals often manifest C-type RNA viruses and develop lymphomas, 
it was of interest to examine AFP in animals and humans with malignant lym- 
phomas. Three murine B-cell lymphomas (L1210, P1798, C3HD) were shown to 
contain surface AFP-positive. cells in their spleens, AFP synthesis by: '*C-leucine 
incorporation, and suppression of mitogen response. Serum levels of AFP were 
normal. Ascites cells from the L1210 and P1798 tumors, consisting of 90% tumor 
cells, did not synthesize or bind AFP in vitro. This suggests that the cells producing 
AFP and those with surface receptors in the spleens of lymphomatous animals were 
not the malignant lymphocytes. Whether the same or different cells both produce 
and bind AFP and the nature of the cell type(s) is unknown. 

In a study of 10 patients with biopsy-proven malignant lymphomas, Keller et al 
(55) found that eight manifested AFP bound to mononuclear cells in involved 
lymphoid organs. The presence of AFP-bearing cells was associated with a dimin- 
ished response to PHA and suppression was reversed by culturing in media alone 
for seven days. The culture supernates suppressed the mitogen response of normal 
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mononuclear cells and the suppressive factor was removed by AFP affinity chroma- 
tography. Spleens and lymph nodes from AFP-positive patients synthesized AFP 
in vitro, while AFP-negative and control lymphoid tissues did not.. These studies 
therefore suggest, but do not directly prove, that AFP is involved in the immunosup- 
pression seen in lymphomatous disease. However, they shed no light on the role of 
suppression per se in the disease. 


AFP in Diagnosis of Fetal Abnormalities 


AFP may have diagnostic significance in certain fetal disorders. Elevations of AFP 
in maternal serum are seen in Rh-immunized and. diabetic pregnancies and are 
associated with intrauterine fetal death. Maternal elevations are probably associated 
with increased feto-maternal transfusion of blood and in cases of intrauterine death 
with resorption of the fetus. Raised levels of amniotic-fluid AFP are seen in a variety 
of néural-tube defects and are important (in conjunction with sonar examination) 
in the antenatal diagnosis of anencephaly and spina bifida. Other defects associated 
with elevated amniotic-fluid AFP include hydrocephalus, meningocele, myelocele, 
Fallot’s tetralogy, congenital nephrosis, esophageal atresia, and severe Rh disease 
(56). 


CONCLUSION 


AFP is one of several oncofetal proteins synthesized in large amounts by the fetus. 
Although synthesis drops markedly shortly after birth, small amounts of AFP 
continue to be produced in the adult. The function of AFP is unknown, but recent 
studies suggest the possibility that it may have immunoregulatory properties and/or 
may influence cell proliferation and growth. The high affinity of AFP for estrogen 
could have important biological functions, although the significance of this binding 
has not as yet been clearly defined. . 

Elevated levels of AFP are seen in a variety of clinical situations, including 
pregnancy; hepatic disorders, especially chronic hepatitis; and various malignancies, 
particularly hepatomas, teratomas, and those of primitive gut origin. It is also 
produced in murine GVH reactions and in lymphomas, both in mice and humans. 

In human hepatic diseases, as well as the malignancies found in cancer-prone 
families, human and murine lymphomas, and murine GVH reactions, the presence 
of AFP-positive cells and immune suppression are highly correlated, but the role 
of these in the pathogenesis of the diseases is as yet unclear. It appears, however, 
that AFP may be produced locally in lymphoid tissues involved in GVH and 
lymphomatous disease without elevations in serum AFP levels. It is speculated that 
the local production of AFP in these situations may result from blastogenesis of 
lymphoid cells directed against foreign tumor or viral antigens. AFP could promote 
the development of tumors either by suppressing immune surveillance and/or im- 
munity to oncogenic viruses, although this is speculative. Finally, AFP elevations 
in maternal serum and amniotic fluid are valuable diagnostically in the detection of 
fetal abnormalities, particularly neural-tube defects. 
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INTRODUCTION 


The best available data indicate that psoriasis is a multifactorial genetic disease (1) 
with a three- to fourfold increased frequency of the cell-surface gene products 
HL-A13 and HL-A17 (2). Individuals with psoriasis genes develop the disease either 
spontaneously or in an area of damage to the skin. This disease is characterized by 
uncontrolled, nonmalignant growth of the epithelium (epidermis) of skin. Diseased 
epidermis is characterized by markedly increased proliferation (3), reduced terminal 
differentiation (4), and elevated glycogen content (4). .Without uncontrolled epider- 
mal growth, the disease would probably not be clinically significant. Therefore the 
majority of psoriasis research has focused on the molecular control of epidermal 

_ growth and differentiation. This focus seems especially appropriate, since the nor- 
mal-appearing skin of the psoriatic patient is certainly not normal. Although not 
sufficient to reach the clinical horizon, growth is only partially regulated in clinically 
normal areas. The evidence for this is a twofold increase in proliferating cells in 
comparison to normal volunteers (5). 

Psoriasis is a complex disease composed of several compartments that have been 
reviewed previously (6). This paper reviews facts on the control of epithelial growth 
in psoriasis available in September, 1976. The aim is to discuss pertinent molecular 
pathophysiology. Aside from the obvious genetic component, the ultimate cause of 
unrestrained epidermal growth is unknown and is not considered. Rather, the goal 
is to identify those factors, among the myriad of growth-related events, that might 
be of signal importance to growth control, or that, if modulated pharmacologically, 
might normalize growth. Space limitations require that many references in this 
paper be to exhaustive reviews that we previously published. We apologize to 
authors whose pioneering work has not been cited here, but in all cases, the primary 
publication can be located in the referenced review. 
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CELL SURFACE IN PSORIASIS 


The cell surface is thought to participate in the regulation of growth and differentia- 
tion of most animal cells. Ultrastructural analysis reveals almost complete absence 
of the lesional epidermal cell surface (7). This may be a general feature of proliferat- 
ing epithelium, nonspecific for psoriasis. Nonspecificity should not diminish the 
importance of this observation. It is possible that normal epidermal growth regula- 
tion cannot occur without a normal cell surface (7). The HZ-A gene products are 
cell-surface constituents and, as mentioned above, are abnormal in psoriasis (2). 
Whether these HL-A abnormalities are genetic markers or participants in the patho- 
physiology of the disease is unknown. 

The H-2 gene complex of the mouse is analogous to the HZ-A gene complex in 
man. The H-2 genotype is one regulator of the levels of liver cyclic AMP (cAMP) 
in mice (8). Presumably the H-2 genotype controls the cell-surface membrane 
phenotype, and by analogy the HZ-A genotype in man may do likewise. The 
increased frequency of HL-A13 and HL-A17 cell-surface components in psoriasis 
could prevent normal cell-surface regulation of the cAMP system. The abnormal 
HL-A psoriatic phenotype could alter cell adhesion—mediated growth control. Al- 
ternatively, this phenotype may interfere with hormonal regulation of epidermal 
cAMP levels. If beta catecholamines regulate epidermal cAMP content physiologi- 
cally, the HL-A13 and HL-A17 psoriatic cell-surface phenotype might account for 
the observed practolol (a beta-blocking agent)-induced, psoriasis-like rashes (9). As 
we show below, we believe that reduced function of the epidermal cAMP system _ 
is central to the uncontrolled growth of the psoriatic epidermis (4). 

Cellular cAMP content is regulated by unknown cell-surface constituents that 
may not be HL-A antigens, but may be hormone receptors or cell-cell recognition 
sites (4). Thus the reported cell-surface defects in psoriasis (7) could reduce epider- 
mal cAMP function without participation of the abnormal HL-A system. It is 
known that reduced cAMP function can alter cell-surface constituents (10). Thus 
the cell surface regulates cAMP, which may in turn regulate the cell surface. The 
cell surface and cAMP are critical regulators of cell physiology, which, in epidermis, 
is the maintenance of normal growth (4). Therefore, this discussion of psoriasis 
focuses on effectors and events associated with the cell surface and cyclic nucleo- 
tides. 


CYCLIC AMP AND CYCLIC GMP IN PSORIASIS 


The first working model of cAMP in psoriasis was put forward by Voorhees & Duell 
in 1971 (11). It was known that three characteristic features of the lesional epidermis 
were increased proliferation (3), decreased terminal differentiation (4), and glycogen 
accumulation (4). In other tissues and experimental systems, cAMP was capable of 
normalizing these three features (4). In the model, reduced cAMP function could 
either trigger the onset of the lesion, permit a lesion to be maintained, or both (11). 
Since the absence of these three features describes a normal epidermis, a prominent 
feature of the model is that cAMP is necessary for normal epidermal function, a 
major feature of which is regulated growth. This model was modified in 1973 to 
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accommodate the observation that elevated cellular levels of cyclic GMP (cGMP) 
are associated with stimulated lymphocyte proliferation. The present working 
model suggests that reduced cAMP function, increased cGMP function, or altered 
function associated with a decrease in the cAMP/cGMP ratio are central to lesional 
pathophysiology. Since 1971 these models have been extensively studied in several 
laboratories, including our own. The results and our interpretation of these investi- 
gations are summarized here. 

We reported a significantly lower level of cAMP in involved epidermis (IE) versus 
uninvolved epidermus (UE), in 50 patients using two different analytical methods 
to estimate cAMP content (4). In 1974 Härkönen et al (12) found cAMP levels to 
be twice higher in IE than epidermis from normal volunteers. It is difficult to 
compare this study with our earlier work, since the cAMP assay was different. 
However, more important is the fact that this study measured cAMP levels in the 
outer half of lesions, whereas we routinely used the entire lesional epidermis for all 
comparisons with uninvolved or normal epidermis. Consequently, these data are 
very difficult to interpret. In 1975 Yoshikawa et al (13), using micromethodology, 
found the cAMP content of IE versus UE to be essentially the same. More recently 
we have used a sensitive and specific radioimmunoassay to measure cAMP and 
cGMP levels simultaneously in IE versus UE from another sixteen patients. In 
contrast to our previous work, we found the mean cAMP levels in IE versus UE 
to be essentially the same (C. Marcelo, E. A. Duell, T. F. Anderson, M. A. Stawiski, 
J. J. Voorhees, manuscript in preparation), in agreement with Yoshikawa et al (13). 
In our previous work, which demonstrated significantly lower mean cAMP levels 
in IE versus UE, a wide scatter of cAMP values from patient to patient was a 
constant feature. In summary, the levels of cAMP in IE versus UE do not appear 
higher in IE and they may be lower (4). The data of Yoshikawa et al (13) and our 
own recent data discussed above indicate that the levels of cAMP in IE versus UE 
are probably the same. We believe that the scatter of the data and the relatively small 
observable changes suggest that further study of cAMP levels per se will be unre- 
warding. 

Since a change in cAMP levels may be more important than the steady-state level, 
the stimulability of cAMP formation has been studied. The IE appears to accumu- 
late less cAMP in response to PGE and beta catecholamine than does UE (14, 15). 
Our work indicates that cAMP accumulates to a similar level after exposure to beta 
catecholamine in IE versus UE (4). This suggests that the beta receptor and adeny- 
late cyclase have normal activity. However, Mui et al (16) have data that suggest 
reduced adenylate cyclase activity in IE versus UE. For technical reasons, neither 
our work (4) nor that of Mui et al (16) is sufficiently rigorous to judge the activity 
of adenylate cyclase in IE. In preliminary results, which require confirmation, the 
low-K,,, form of cAMP phosphodiesterase is more active in IE versus UE in six 
patients (17). Cyclic AMP-dependent protein kinase has not yet been examined in 
a manner sufficient to permit any conclusions. A rise in lesional cAMP reduces 
lesional glycogen content (18). The only data on GMP metabolism has come from 
our laboratory. We initially reported a significant mean increase in cGMP levels in 
IE versus UE. Subsequently, by radioimmunoassay we again found a significant 
increase in the cGMP levels of IE versus UE (C. Marcelo, E. A. Duell, T. F. 
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Anderson, M. A. Stawiski, J. J. Voorhees, manuscript in preparation). Since cAMP 
and cGMP were assayed in the same samples, the cAMP/cGMP ratio is decreased 
due to the increase in the cellular content of cGMP. 

From the above, it is clear that much more must be done to clarify the role of 
cyclic nucleotides in psoriasis. There is general agreement that the cAMP system 
is deranged in psoriasis and that cAMP function is important in psoriasis. However, 
from the above discussion there is little agreement on the site of the defect. The 
cAMP/cGMFP ratio is reduced and this may be important. Its true importance will 
not be understood until the function of cGMP in epidermis is known. 


CYCLIC AMP IN EPIDERMAL FUNCTION 


Cyclic AMP is thought to be important in the pathophysiology of psoriasis for 
several reasons. Lithium therapy is capable of exacerbating psoriasis, and lithium 
is known to inhibit cAMP formation in several tissues, as well as in psoriatic 
epithelium in vitro (19). Practolol can cause psoriasis-like rashes. The ability of 
practolol to interfere with cAMP formation may permit psoriasis to develop in a 
genetically predisposed individual (9). Conversely, papaverine and RO-20-1724 are 
known to promote the accumulation of cAMP in epidermis in vitro and to improve 
psoriasis when used clinically (19, 20). Cyclic AMP inhibits the proliferation of 
epidermal cells in-vitro (19) and induces differentiation of epidermis in vitro (21). 

In wound healing, the epidermis exhibits increased proliferation, decreased 
differentiation, and glycogen accumulation in a manner similar to psoriasis. This is 
prevented or reversed by elevating cAMP in the wounded epithelium (22). The skin 
tumor-promotion phase of two-stage carcinogenesis is characterized by epithelial 
proliferation and reduced differentiation. This process has been studied extensively 
by Marks (23), who believes that the relative tissue levels of cAMP and cGMP 
control the equilibrium between proliferation and differentiation. In IE, polyamine 
levels are significantly higher than in UE (24). Since cAMP is capable of stimulating 
polyamine synthesis in certain tissues (25), it is possible that elevated polyamine 
formation can be inhibited by cAMP in other tissues such as epidermis. Thus, 
although cyclic nucleotide metabolism in psoriasis is poorly understood, it seems 
possible that future studies in this area will improve our understanding of this 
disease. 


REGULATION OF EPIDERMAL CYCLIC NUCLEOTIDE 
METABOLISM IN PSORIASIS 


In spite of extensive study, we have been unable to identify factors that consistently 
exhibit the ability to regulate epidermal cGMP levels (C. Marcelo, unpublished 
data). Prostaglandins E; and E}, beta catecholamines, and adenosine (26), as well 
as histamine (27), can alter epidermal cAMP content. Psoriasis occurs in discrete 
patches and wound healing is obviously under local control. Prostaglandin is known 
to act over a very short distance and thus may be the best candidate for the 
physiological regulation of epidermal cAMP content. 


PSORIASIS 471 


PROSTAGLANDINS AND PSORIASIS 


Prostaglandins are formed from free arachidonic’acid, which in normal tissue exists 
in very minute amounts. In psoriasis the content of free arachidonic acid in IE is 
26 times greater than in UE. Prostaglandins E, and F, are increased by only 40% 
and 86% in IE and UE, respectively. Another metabolite of free arachidonic acid, 
12L-hydroxy-5, 8, 10, 14-eicosatetraenoic acid (HETE), is increased 82-fold in IE 
versus UE. Clearly the majority of free arachidonic acid is being converted to HETE 
rather than to the classic prostaglandins or thromboxanes (28). One possible expla- 
nation is the inhibitor(s) of prostaglandin biosynthesis, which Penneys et al have 
detected in homogenates of involved psoriatic epithelium (29). The pathophysiologi- 
cal relevance of the abovementioned abnormalities in arachidonic acid metabolism 
are unknown. However, it was recently demonstrated that glucocorticoids markedly 
inhibit the formation of arachidonic acid (30). According to current understanding 
of arachidonic acid metabolism, glucocorticoid would thus depress not only the 
formation of arachidonic acid, but also that of HETE, thromboxane, PGE, and 
PGF,,.. Topical glucocorticoids are the most potent antipsoriatic agents known. It 
is possible that inhibiting the formation of arachidonic acid and its metabolites is 
one reason for the efficacy of topical glucocorticoids in psoriasis. 


POLYAMINES AND PSORIASIS 


As previously mentioned, polyamine biosynthesis can be regulated by cAMP (25). 
Stimulation of the rate of biosynthesis of the polyamines spermidine and spermine 
appears to be the most constant correlate of increased cell proliferation (31). We 
have recently reported that the level of polyamines is significantly higher in IE 
versus UE and that the polyamine content of UE is significantly higher than in 
epidermis from. control volunteers. This is probably a molecular correlate of the 
twofold increase in the labeling index of UE versus epidermis from control volun- 
teers (5). Putrescine is the precursor of spermidine (31). Putrescine is formed from 
ornithine by the action of ornithine decarboxylase (31). Of interest is the fact that 
several years ago Rothberg & Van Scott showed that arginase activity was markedly 
elevated in psoriatic lesions. Arginase is responsible for the formation of ornithine 
from arginine (32). 

Although elevated polyamine levels have been associated with rapid proliferation 
for several years (31), it has been only recently that a potential cause-and-effect 
relation between polyamines and proliferation has been suggested. Mamont et al 
recently showed that blocking the synthesis of polyamines by an inhibitor of orni- 
thine decarboxylase could reduce cell proliferation (33). This inhibition could be 
prevented by combining polyamines with the blocking agent, thus bypassing the 
ornithine decarboxylase blockade. Thus it appears that regulating polyamine syn- 
thesis in psoriasis by cAMP or other agents might be productive. This seems 
especially desirable in view of a recent report that shows that polyamine concentra- 
tions comparable to those we detected in psoriatic lesions can inhibit the ability of 
cAMP to stimulate epidermal protein kinase (34). The high polyamine content of 
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a psoriatic lesion could reduce the function of the cAMP system in vivo, thus 
accounting for all changes predicted by the cyclic nucleotide model of psoriasis 
without any detectable defect in the cAMP system as assayed in vitro. 


SUMMARY 


Psoriasis is a disease characterized by benign but unrestricted epithelial growth. The 
molecular pathophysiology of this unregulated growth has been discussed. A better 
understanding of the role of the cell surface, cyclic nucleotides, arachidonic acid- 
prostaglandin metabolism, and polyamines in psoriasis may clarify our under- 
standing of this disease and produce clues pertinent to a general understanding of 
growth regulation. 
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INTRODUCTION 


Over the past 15 years, information has accumulated from experimental animal 
systems showing that surgical adjuvant chemotherapy produces a longer disease- 
free interval, an increased survival time, and a higher percentage of cures than either 
surgery or chemotherapy alone. An inverse relationship exists between the number 
of solid tumor cells and the chemotherapeutic response obtained (1). When all 
visible tumor is removed, as opposed to subtotal resection, the ability of chemother- 
apy to produce cure is greater (2). Micrometastases of 10° cells or less are clinically 
undetectable and even larger metastatic tumors may go unrecognized. Knowledge 
of the natural history of such micrometastases evolving into manifest disease makes 
them the target for surgical adjuvant therapy. Current knowledge of tumor-cell 
populations indicates that the growth fraction is inversely related to population size, 
that the generation time of tumor cells in small populations is often shorter than 
in large populations, and that first-order cell kinetics characterize drug kill of tumor 
cells (3). The evidence that these principles also apply to a variety of neoplastic 
diseases in man is discussed below. 


WILMS’ TUMOR 


Reported survival rates for Wilms’ tumor in the United States have increased 
substantially over the last two decades. As many as 80% of children presenting with 
localized disease and about 50% presenting with metastatic disease can be cured 
with currently available therapy (4). Improvements in survival have occurred in all 
stages of disease and appear to result from better therapy rather than from earlier 
detection (5). Surgical removal alone of localized primary tumors produced a cure 
rate as high as 30% (6). Postoperative radiotherapy to the tumor bed in patients 
with lócalized disease increased survival rates to 50% (7). The natural history of 
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Wilms’ tumor prior to the use of chemotherapy implies that microscopic metastatic 
disease was present at the time of diagnosis. After surgery and radiotherapy in 
children apparently free of metastatic disease, actinomycin D used in courses every 
three months for a period of two years resulted in 89% disease-free survival at two 
years (8). Subsequently, vincristine was shown to be an effective chemotherapeutic 
agent (9). In patients with Groups II or ITI disease (Group II: tumor extends beyond 
the kidney, but is completely resected; Group III: residual nonhematogenous tumor 
confined to abdomen), the combination of these two agents is significantly superior 
to either agent alone in producing two-year disease-free survival (79% vs 50%) (10). 
For tumor confined exclusively to the kidney and completely resected (Stage 1), 
surgery plus actinomycin D chemotherapy achieved the same results as surgery plus 
radiotherapy and chemotherapy (11). The second National Wilms’ Tumor Study is 
presently evaluating whether 6 or 15 months of chemotherapy is superior for curing 
micrometastatic disease, and whether adriamycin in addition to actinomycin D and 
vincristine adds to the therapeutic regimen. 


EWING’S SARCOMA 


Ewing’s sarcoma of bone has traditionally been a rapidly and almost uniformly fatal 
tumor (12). Surgical treatment alone has been of little value (13). Even if the primary 
tumor was successfully controlled by adequate irradiation, metastases to lung and 
bone frequently ensued, and 75% of patients were dead within two years of diagnosis 
(13). The combined administration of radiotherapy and systemic chemotherapy was 
first reported in 1962 (14). Adjuvant chemotherapy has been shown to be effective 
in decreasing the local recurrence rate and in delaying the median time to first 
metastasis (15). Rosen et al (16) report 12 children treated with radiation therapy 
and sequential adjuvant chemotherapy with actinomycin D, adriamycin, vincristine, 
and cyclophosphamide for two years. All remained without evidence of disease with 
follow-up periods ranging from 10 to 37 months. Pomeroy & Johnson reported 66 
consecutive patients treated with local irradiation of the primary site combined with 
adjuvant regimens of progressively more intensive systemic chemotherapy. Most 
recently they have used alternating high-dose pulses of adriamycin and cyclophos- 
phamide with vincristine. Forty-three patients without clinically detectable meta- 
static disease at the time of diagnosis had a 64% two-year and 52% five-year survival 
rate (17). Under the direction of the Intergroup Ewing’s Sarcoma Study, a multi- 
institutional program has been undertaken. They have demonstrated the effective- 
ness of postradiation chemotherapy with cyclophosphamide, actinomycin D, and 
vincristine when compared to a control group without chemotherapy. To date, 
adriamycin has not been of significant clinical benefit when added to the combina- 
tion chemotherapy following postoperative irradiation. However, additional bilat- 
eral pulmonary irradiation appears to increase the disease-free status of patients. (M. 
Nesbitt, personal communication). A current study tests whether adriamycin can 
achieve this effect without pulmonary irradiation, with its known compromise of 
pulmonary function years later. 
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CHILDHOOD EMBRYONAL RHABDOMYOSARCOMA 


The survival of children with embryonal rhabdomyosarcoma has significantly im- 
proved in recent years. Neither extirpative surgery nor high-dose radiotherapy 
resulted in an overall survival of more than 25% (18). The addition of intensive 
maintenance chemotherapy to extirpative surgery and radiotherapy has resulted in 
a survival in the range of 60-80% (18, 19). Initially, single-agent chemotherapy was 
employed. The most beneficial agents included actinomycin D, vincristine, and 
cyclophosphamide (20, 14). Preservation of function and appearance in situations 
where these were formerly sacrificed has been made possible by advances in combi- 
nation chemotherapy and changes in surgical thinking. Conservative trends that 
have evolved include the rarity of amputation for primary extremity tumors, possi- 
ble irradiation for orbital tumors to obviate enucleation, avoidance of mutilating 
excision for head and neck tumors, and anterior exenteration for primary tumors 
of the bladder or prostate (21). Combination chemotherapy with actinomycin D, 
vincristine, cyclophosphamide, and adriamycin for 24 months, in addition to sur- 
gery and radiotherapy (4500-7000 rads), has resulted in an 82% disease-free inter- 
val ranging from 4 to 42+ months among children with Stages I-III disease (18). 


OSTEOGENIC SARCOMA 


The five-year survival rate in large series of patients treated for osteogenic sarcoma 
with ablation of the primary tumor either by surgery alone, or with radiotherapy 
directed to the primary site followed by surgery, is in the range of 20% (22, 23). 
X-ray evidence of pulmonary metastases occurs at a median of 8.5 months after 
potentially curative amputation and patients are usually dead within six months, 
implying that hematogenous pulmonary micrometastases are present in the majority 
of patients at the time of diagnosis (23, 24). In 1972 it was reported that both 
adriamycin and high-dose methotrexate followed by citrovorum rescue produced 
objective responses in children with metastatic osteogenic sarcoma (25, 26). Subse- 
quent studies have employed these drugs alone or in various combinations in a 
surgical adjuvant fashion. When six monthly courses of adriamycin were given 
following radical surgical amputation, 71% of treated patients were reported to be 
free of pulmonary metastases as determined by life-table analysis at 18 months (27). 
More recent analysis of the study reveals a plateau at 75% survival, with observation 
times to four years among patients treated exactly according to the protocol (Cancer 
and Leukemia Group B, unpublished data). At the same time, it was.reported that 
surgical adjuvant treatment with vincristine, high-dose methotrexate, and cit- 
rovorum rescue given for two years produced similar disease-free and survival 
intervals (28). Other studies have been reported employing adriamycin or high-dose 
methotrexate followed by citrovorum rescue in various combinations with vincris- 
tine, cyclophosphamide, and L-phenylalanine mustard. Among the 96 patients en- 
tered on these studies, the median disease-free interval ranges from 7 to 18 months 
(29-32). 
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Based on the above data in which the one- and two-year disease-free survival rates 
in patients with osteogenic sarcoma range from 50 to 80%, which is substantially 
different from surgery alone, attempts have been made to salvage weight-bearing 
limbs. Fifteen patients with biopsy-proven osteogenic sarcoma of the distal femur 
or proximal tibia were treated preoperatively with high-dose methotrexate and 
citrovorum rescue, as well as with adriamycin. This treatment was followed by en 
bloc excision of the primary tumor with prosthetic replacement, and postoperatively 
with high-dose methotrexate with citrovorum rescue, adriamycin, and high-dose 
cyclophosphamide given sequentially for one year. With follow-ups ranging from 
2~15 months postoperatively, only one patient has relapsed either locally or distally 
(33). The demonstration that aggressive chemotherapy can cause destruction and 
regression of primary osteogenic sarcoma, and the proven efficacy of surgical adju- 
vant chemotherapy in this disease, provide a basis for the development of treatment 
regimens that should provide cure in a high percentage of patients and perhaps 
ultimately preserve involved limbs. One danger is the premature widespread adop- 
tion of such programs before the requisite drug regimens are clarified and appropri- 
ate surgical and medical teams assembled. 


BREAST CANCER 


Approximately 90,000 American women will develop breast carcinoma this year, 
and it is predicted that 47% of these will have axillary metastases at the time of 
diagnosis (34). By ten years, 24% of women with negative axillary nodes at the time 
of mastectomy have already relapsed. Among those with 1-3 positive nodes, the 
ten-year relapse rate is-65% and among those with four or more positive nodes 
it is 86% (35). Once metastatic disease develops, early death is virtually inevit- 
able. 

The initial surgical adjuvant trial in breast carcinoma, Stage I or II, was carried 
out by the National Surgical Adjuvant Breast Project. Patients were randomized to 
receive thiotepa or placebo injections at the time of operation and on the first two 
postoperative days. Among the 820 patients followed for more than five years and 
analyzed in this trial, thiotepa, as given, was of benefit only to premenopausal 
women with four or more positive lymph nodes at the time of mastectomy. The’ 
survival of these patients was 57% at five years vs 24% in the control group (36). 
Multiple surgical adjuvant chemotherapy trials were carried over the ensuing 15 
years, but in none was the study design such that the results were conclusive. 

Early studies demonstrated the efficacy of the five-drug Cooper regimen of vincris- 
tine (V), prednisone (P), cyclophosphamide (C), methotrexate (M), and 5- 
fluorouracil (F) in women with metastatic disease. Although this regimen was 
superior to the single-drug therapy previously employed, 75% of patients were dead 
within two years (37). Subsequently, a three-drug combination (CMF) was shown 
to be more effective than a single oral drug, L-phenylalanine mustard (L-PAM), in 
the treatment of women with metastatic breast carcinoma (38). Both of these 
treatments were then employed in controlled clinical trials, women with one or more 
positive axillary nodes at the time of mastectomy receiving either chemotherapy or 


SURGICAL ADJUVANT CHEMOTHERAPY 479 


no treatment. A preliminary report of the L-PAM study, in which the drug was 
given for two years, with median follow-up of nine months after initiation of the 
study, revealed statistically significant delay in the appearance of recrudescent 
carcinoma in premenopausal women (p = 0.02) (39). In the trial comparing 12 
monthly cycles of CMF versus no treatment following mastectomy, there were 5.3% 
relapses in the CMF group versus 24% in the control group (p <0.000001), with 
observations extending to 27 months, and a mean follow-up period of 14 months. 
CMF was significantly superior for patients in every subset as classified by age, 
menopausal status, number of positive axillary lymph nodes, and extent of mastec- 
tomy (40). Subsequent analysis reveals significant differences in mortality rates after 
32 months. Eleven of 179 patients in the control group have died, whereas only four 
out of 207 patients treated with CMF have died (p = 0.03). 

Cooper had initiated treatment of 100 women with four or more positive lymph 
nodes with CMFVP for nine months following radical mastectomy beginning in 
1969. Of these, 73 received chemotherapy alone, and 27 started chemotherapy after 
conventional radiotherapy. By life-table analysis, 70% of the 73 patients treated 
with chemotherapy alone are alive without evidence of disease at seven years. The 
group who received radiotherapy before chemotherapy did not do as well as the 
group treated with chemotherapy alone (R. G. Cooper, J. F. Holland, O. Glidewell, 
unpublished data). These data are in dramatic contrast to historical controls— 
among 14,249 women with one or more positive lymph nodes, 58% were dead in 
eight years (34). The data demonstrate that the effect of chemotherapy is not solely 
one of delay, but rather is indicative of a curative impact in some women. 


COLORECTAL CARCINOMA 


There are approximately 100,000 new cases of colorectal carcinoma in the United 
States annually, and the overall five-year survival is only about 30% (41). Surgical 
treatment of this tumor has failed to provide a significant improvement in the 
survival of operable and therefore potentially curable patients during the past two 
decades. A technique for intraluminal administration of 5-FU at the time of surgery 
followed by intravenous 5-FU on the first and second postoperative days has been 
described, without increased survival among patients with disease limited to the 
bowel wall (42). Furthermore, a randomized clinical trial employing intraluminal 
5-FU, or intraluminal saline, at the time of surgery followed by intravenous 5-FU 
on the first two postoperative days and five subsequent courses of oral 5-FU over 
a one-year period, revealed no differences in relapse rate or survival at five years in 
patients with nodal metastases (43). 

A controlled trial employing FUdR on the first three postoperative days followed 
by a second course approximately six weeks later showed no differences in survival 
between patients receiving the drug and those treated by surgery alone (44). The 
Veteran’s Administration Surgical Adjuvant Group has reported a study in which 
patients with curative resection were randomized to receive 5-FU 12 mg/kg intrave- 
nously for five successive days beginning 14 days after operation and a second course 
six weeks later. At 4.5 years, 56% of the 5-FU-treated patients were alive, in 
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contrast to 50% in the control group (45). Although not significant per se, it is 
consistent with other studies and subset analyses performed on V.A. patients, all of 
which show a slight trend favoring 5-FU (G. Higgins, personal communication). 
The current V.A. study entails randomization between an untreated arm and che- 
motherapy with 5-FU, plus methyl cyclohexylchloroethy] nitrosurea (MeCCNU) in 
courses repeated at approximately seven weekly intervals for one year. The Central 
Oncology Group reported a prospective randomized study in which patients re- 
ceived a loading course of intravenous 5-FU within one month of surgical resection, 
followed by weekly 5-FU maintenance therapy for one year. Preliminary analysis 
with follow-up times ranging from six months to three years reveals a similar trend 
in favor of 5-FU that is not yet significantly different (46). 

An early cooperative clinical trial involved treatment with thiotepa given at the 
time of operation into a branch of the portal vein, as well as intraperitoneally and 
subsequently intravenously on the first and second postoperative days. Because of 
a high rate of complication, the study was shortly changed, lowering the dosage of 
thiotepa, eliminating the intraportal dose, and initiating a double-blind randomiza- 
tion. However, among patients receiving the original higher dose of thiotepa, there 
was a Statistically significant increase in seven-year survival in women over the age 
of 55. When the smaller dose of thiotepa was given, there were no differences 
between control and treated groups (47). 

Recently, a nonrandomized study has been reported, in which patients with 
colorectal carcinoma penetrating the muscularis with or without node metastases 
were treated with 5-FU. The drug was given in two five-day courses, the first, four 
to six weeks after curative surgery and the second, four weeks later. In patients 
without node metastases, 81.6% of treated patients were free of disease at five years, 
compared to 58.5% of a group of historical control patients from 1960 to 1965. In 
those with node metastases, 75% of patients were without evidence of disease at 
three years, as opposed to 34.3% in a similarly chosen control group (48). These 
data are so much better than other reports using more 5-FU over a longer period 
of time that they require confirmation before acceptance. Perhaps the appropriate 
control for scientific and ethical purposes would be the best 5-FU technique of V.A. 
studies. 

In another nonrandomized study, patients with carcinoma in the muscularis or 
metastasized to lymph nodes, or those patients believed to have residual tumor in 
lymph nodes or adjacent organs, and those with peritoneal metastases were treated 
with 5-FU. A loading course three to four weeks postoperatively together with 
monthly courses for six to nine months was followed by second-look operations. 
Among 114 operations in 102 patients, there were eight who had no tumor present 
and five who were rendered tumor-free by one or more laparotomies. It was sug- 
gested that adjuvant chemotherapy followed by a second-look operation can be 
employed with acceptable morbidity and mortality, and that this approach is of 
value in defining a cancer-free state or converting patients to it (49). 

Immunotherapy has recently been employed as a component of surgical adjuvant 
treatment. Eighty-three patients with colon cancer spread to regional nodes received 
treatment with BCG alone or in combination with oral 5-FU, with follow-up times 


SURGICAL ADJUVANT CHEMOTHERAPY 481 


to 30 months. BCG was administered by scarification weekly for three months and 
then every other week. 5-fluorouracil was given orally as a loading course and then 
repeated every four weeks for two years. Treatment was started within eight weeks 
of surgery in 77 patients. When compared to an historical control group, there was 
prolongation of disease-free interval and overall survival among patients receiving 
chemoimmunotherapy as well as in patients receiving BCG alone (50). 

An ongoing study by the Gastrointestinal Tumor Study Group of patients with 
colon carcinoma in the muscularis or metastasized to nodes, who have undergone 
curative resection, involves randomization to receive no treatment, chemotherapy 
with 5-FU and MeCCNU, immunotherapy with the methanol extraction residue 
(MER) of BCG, or chemoimmunotherapy. Patients with the same disease stages of 
rectal carcinoma will be randomized to observation, postoperative radiotherapy, 
chemotherapy with 5-FU and MeCCNU, or combined radiotherapy and chemo- 
therapy. 


BRONCHOGENIC CARCINOMA 


The overall five-year survival rates for all patients with bronchogenic carcinoma is 
approximately 5% (51). Among patients with the least tumor burden according to 
the TNM classification, i.e. T1, NO, MO (a tumor less than 3 cm in diameter 
without nodal or other metastases), representing approximately 7% of all lung 
cancer patients, the survival at 18 months is only 65% (51). In a series of 202 
patients dying from whatever cause within one month after curative resection for 
bronchogenic carcinoma, local or distant metastatic disease was found at autopsy 
in 35% of patients, implying a much higher frequency of micrometastatic disease 
(52). 

Surgical adjuvant trials employing chemotherapy or chemotherapy plus radioth- 
erapy have not yet shown significant efficacy. The Veteran’s Administration Surgical 
Adjuvant Group conducted four prospective, randomized trials to evaluate single- 
drug adjuvant chemotherapy after resection of bronchial carcinoma. In 2348 pa- 
tients involved in trials employing mechlorethamine, cyclophosphamide, or 
methotrexate given intrapleurally and/or intravenously in courses ranging from 
three days to 18 months, the five- and ten-year survival rates, as computed by 
life-table analysis for the treated and control patients in these trials, were found to 
be essentially the same (53). Four other studies employing short-term postoperative 
treatment with either mechlorethamine or vinblastine were likewise unsuccessful 
(54-57). The Swiss Group for Clinical Cancer Research carried out a study involv- 
ing 189 patients who underwent radical curative resection for bronchogenic car- 
cinoma; following this, patients received either no further therapy or six courses of 
intravenous cyclophosphamide over a period of two years. After follow-up periods 
ranging from 3.5 to 5.5 years, 68% of treated patients developed recurrent disease, 
as opposed to 49% of the control group. Likewise, 63% of the treatment group had 
died, versus 39% in the control group (58). In two other trials employing cyclophos- 
phamide, increased survival was apparent only for patients with small-cell car- 
cinoma at three years in one of the studies; at five years there were no differences. 
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None of these differences was statistically significant, and in patients with car- 
cinomas of other cell types, neither harm nor benefit was apparent (55, 59). In a 
series of 22 patients with Stage I disease treated with 13 courses of cyclophospha- 
mide, 5-FU, and vinblastine over three years following surgery with curative intent, 
there was increased survival compared to randomized and historical controls up to 
32 months after surgery (60). There are also reports of 23 prospective, randomized 
studies, including 2036 patients with bronchogenic carcinoma employing combined 
chemotherapy and radiotherapy. The superiority of combination therapy was appar- 
ent in only three studies. In no study did the mean or median survival exceed one 
year (61). 

Several studies have been carried out employing immunotherapeutic agents. Life- 
table analysis of a small study of surgically resected lung cancer patients with Stages 
I-III disease predicts prolongation of disease-free intervals and increased survival 
for patients treated with three monthly cycles of high-dose methotrexate with 
citrovorum rescue plus intracutaneous immunization with specific soluble lung 
cancer antigen in Freund’s complete adjuvant (62). In another nonrandomized 
study, patients with node metastases underwent radical resection and received 
postoperative adjuvant immunotherapy with fresh autologous tumor. The median 
survival of the treated group was 24.5 months, versus 6 months in the control group 
(p <0.01) (63). 


GASTRIC CARCINOMA 


Between 75 and 90% of patients in whom gastric cancer is diagnosed are deemed 
suitable for laparotomy, and 50-60% of these are subsequently eligible for poten- 
tially curative resection. Nevertheless, the overall five-year survival rate ranges 
between 5% and 15% and has not changed significantly in the past 25 years (64). 
Evaluation of the studies of surgical adjuvant chemotherapy is difficult, as stratifica- 
tion generally included only two broad categories, curative and palliative resections. 
Rarely was stage, histologic grade, or disease type considered to insure that these 
characteristics were equally distributed among study arms. Definitions of the sorgi- 
cal procedures employed have not been standardized. 

Two early studies employing thiotepa failed to show prolongation of survival for 
treated patients versus controls (65, 66). A randomized, controlled trial employing 
two courses of chemotherapy with FUdR or observation revealed comparable sur- 
vival rates at three years for both groups (67). In three Japanese studies (two 
intravenous and intraperitoneal regimens of mitomycin C or thiotepa, and a combi- 
nation of cyclophosphamide and chromomycin A3), there are discrepancies in the 
results, although there is an overall survival trend favoring chemotherapy (68). A 
controlled, randomized Russian study is reported, in which patients underwent 
either radical operation alone or operation plus postoperative chemotherapy with 
5-FU given in 2 courses within 3 months of surgery. During the first 18 months after 
surgery there was a trend, albeit not significant, favoring patients treated with 5-FU, 
although survival data are not available (69), Nokojima et al report a study in which 
patients received intravenous mitomycin C either daily or twice a week for 5 weeks 
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immediately following radical surgery. The overall 5-year survival rate significantly 
favored the treated group: 59.4% of this group was alive, versus 41.5% of the 
control group (70). The Viennese Working Group reported a pilot study in which 
patients were given high-dose intermittent chemotherapy with autologous bone 
marrow transfusion available if necessary. Two to three intravenous infusions of 
cyclophosphamide at a dose of 20-25 mg/kg were given at intervals of 3-5 days 
starting 3-6 days after surgery. Cyclophosphamide was continued for 3 years in 
courses of 400 mg per day given intravenously for 10 days every 4-6 weeks. Six 
patients received bone marrow reinfusion. Data were analyzed only for patients with 
Stage IIT disease. Life-table analysis revealed 5 out of 13 patients alive at 60 months 
‘after adjuvant chemotherapy, compared to just under 20% of 166 nonrandomized 
historical controls treated by surgery alone (71). 

A randomized study in which patients with resectable stomach cancer in the 
antral region received preoperative intraarterial infusions with methotrexate, vin- 
blastine, and mitomycin C or methotrexate, vinblastine, and 5-FU revealed no 
significant differences in 5-year survival between the treated and control groups (72). 


GYNECOLOGICAL CARCINOMA 


In endometrial carcinoma, a single adjuvant study has been reported in which 
patients with Stage I disease (carcinoma confined to the corpus) were treated with 
intracavitary radium and surgery, or surgery alone, together with Depo-Provera or 
placebo before hysterectomy and then weekly for 14 weeks. Survival analysis at 4 
years indicated no significant improvement with the administration of Depo-Prov- 
era. At 4 years, 87% of treated patients were free of disease, versus 92% of those 
who received a placebo (73). 

No major impact in the overall survival in ovarian carcinoma has been made in 
the past 30 years (74). The 5-year survival rate for patients with Stages I and II 
disease are only 61% and 33%, respectively (Stage I: growth limited to one or both 
ovaries with or without ascites; Stage II: growth involving one or both ovaries with 
extension and/or metastasis to the uterus, fallopian tubes, or other pelvic tissue) 
(75). In a nonrandom trial, 26 patients with Stages I and ITA disease were treated 
with postoperative chlorambucil with: follow-up ranging from 312-8 years. There 
was 1 out of 17 recurrences in the Stage I group and 2 out of 6 in the Stage ITA 
group. No definitive conclusions can be drawn from these numbers (76). 

The Gynecologic Oncology Group has reported preliminary results of a random- 
ized trial for patients with Stage IA and Stage IB ovarian carcinoma who have had 
definitive surgical treatment with a total abdominal hysterectomy and bilateral 
salpingo-oophorectomy with optional omentectomy. Patients were then randomized 
to receive either no further treatment, postoperative radiotherapy, or melphalan. 
Preliminary analysis revealed respective recurrence rates of 19%, 13.2%, and 0%, 
and mortality rates of 14.3%, 6.6%, and 0% (77). 

A prospective, randomized study, not stratified by stage, involved definitive sur- 
gery followed by randomization to either whole-abdominal irradiation by the mov- 
ing-strip technique with a boost to the pelvis, or to 12 cycles of melphalan. 
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Melphalan was given in 5-day cycles repeated every 4 weeks pending recovery from 
hematologic toxicity. All melphalan-treated patients underwent a “second-look” 
operation following completion of chemotherapy. A year after the beginning of 
treatment, 85% of the patients with Stage I carcinoma treated with irradiation were 
without evidence of disease compared to 90% of those who received chemotherapy 
as well. For Stage II disease, 55% of the irradiation-treated patients and 50% of 
those given chemotherapy were without evidence of disease. Only one patient who 
received chemotherapy had a tumor recurrence after 24 months (78). Among a 
group of 494 patients with advanced ovarian carcinoma treated with melphalan, 103 
patients had “second-look” surgery. Sixty-five percent of these survived an addi- 
tional two years and 34% survived 5 years. Twenty-three had no evidence of disease 
and chemotherapy was stopped. Subsequently, 5 have had a recurrence of cancer 
(79). Another retrospective analysis involved patients with Stage II and III disease 
who, following maximal surgery and postoperative radiotherapy, received chloram- 
bucil or cyclophosphamide concurrently with radiotherapy in 25 patients, and 
because of interruption of therapy secondary to leukopenia, for 1-4 weeks longer 
in 8 patients. Among patients who had more than half the tumor excised and no 
palpable disease postoperatively and who subsequently received chemotherapy, the 
median survival time was 64+ months versus 26 months for those receiving radioth- 
erapy alone. Among patients with residual masses palpable on abdominal examina- 
tion postoperatively, there was also a trend toward more complete responses of 
greater duration among patients receiving chemotherapy in addition to radiation 
(80). 


CONCLUSION 


The evidence that the principles of surgical adjuvant chemotherapy developed in 
experimental animal systems also apply to a variety of neoplastic diseases in man 
has been clearly demonstrated. Micrometastatic disease can be eradicated with 
effective chemotherapy in several diseases. Prolongation of disease-free interval, if 
not cure, is now possible in diseases in which curative surgery alone or in combina- 
tion with radiotherapy does not achieve these goals. The previously fatal childhood 
solid tamors—Wilms’, Ewing’s sarcoma, embryonal rhabdomyosarcoma—are cur- 
able in a high percentage of patients appropriately treated with combinations of 
surgery, radiotherapy, and chemotherapy. The prolongation of the disease-free 
interval in osteogenic sarcoma has permitted consideration of entirely new surgical 
approaches for this tumor in which radical amputation has traditionally been em- 
ployed. The spectacular results achieved in the treatment of Stage II breast cancer 
may potentially save hundreds of thousands of lives in the coming decade. 

Clinically. recognizable metastatic disease is rarely curable by any currently avail- 
able treatment modality. The prolongation of disease-free intervals and production 
of cures when surgical adjuvant chemotherapy is employed may be partly explained 
by relatively more circulation, and thus drug delivery to each tumor cell, more 
favorable cellular kinetics, and a healthier and more immunocompetent host who 
is better able to withstand drug effects on normal tissues, and to participate in tumor 
destruction. 
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Cures of certain patients with neoplastic diseases using surgical adjuvant chemo- 
therapy has increased the incentive to learn more about new and old drugs and their 
effective use alone and in combination. Chemotherapy, in appropriate combinations 
with surgery, radiotherapy, and immunotherapy, may well be more efficacious in 
many clinical situations than the traditional use of single-modality treatment. The 
data presented in this paper relate solid evidence that the possibility of cure in a 
variety of neoplastic diseases is real. 
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INTRODUCTION AND BACKGROUND 


There is a solid scientific basis for immunotherapy with Bacillus Calmette-Guérin 
(BCG), as well as for other approaches to immunotherapy of cancer in man. This 
is based on observations in both spontaneous and experimental animal tumors, as 
well as human cancer. The fundamental basis for immunotherapy is the presence 
of tumor-associated antigens that the host can recognize as foreign, and immune 
responses and other host defense mechanisms to these antigens (1). This was first 
demonstrated in animal models, particularly models in which strong tumor antigens 
exist, such as those associated with viral and carcinogen induction, although some 
spontaneous tumors apparently do not express such antigens. During the last decade, 
evidėnce has developed that tumor-associated antigens and immune responses, as 
well as other host defense mechanisms directed at these antigens, also exist in human 
cancer (2). 

A surprisingly varied spectrum of anti-tumor host defense mechanisms has been 
identified in various experimental tumor models, as well as human tumors (3). These 
include complement-dependent cytotoxic antibody and other humoral nonantibody 
factors with selective toxicity for tumor cells. These include macrophage enzymes, 
tumor necrosis factor (4), and lymphotoxin (5). There are a variety of leukocytes 
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that can also kill tumor cells (1). The cellular mechanisms include T-cell~mediated 
cytotoxicity, K-cell-mediated cytotoxicity, antibody-dependent cell-mediated cyto- 
toxicity, and macrophage-mediated killing of tumor cells (6). There is considerable 
experimental evidence that the latter is an important mechanism of antitumor host 
defense and may be one of the major host defense factors activated by BCG (7). 
There is also a solid clinical basis for the types of tumor immunity and antitumor 
host defense outlined above. Thus, both humoral and cell-mediated antitumor 
immunity have been demonstrated in human malignancies, and deficiencies or 
declines in this immunity are associated with a poor prognosis (8). 

Observations on the general immunocompetence of cancer patients are also highly 
‘relevant to immunotherapy. Lymphocyte infiltration of primary tumors and histi- 
ocyte proliferation in regional lymphoid sinuses are associated with a good progno- 
sis in a number of solid tumors, whereas the absence of such cellular infiltration and 
proliferation is associated with a worse prognosis (9). This is particularly true in 
certain diseases such as breast cancer, in which this type of cellular response is more 
important than other prognostic factors, such as the number of involved positive 
lymph nodes. Recently, macrophage content of tumors has been investigated. A 
high macrophage content has good prognostic implications (10). There is a progres- 
sive decline in immunocompetence with progressive tumor growth (11). This has 
been demonstrated using primary delayed hypersensitivity reactions to antigens 
such as dinitrochlorobenzene (DNCB), recall delayed hypersensitivity reactions to 
antigens such as candida, as well as a variety of in vitro lymphocyte-function studies, 
including blastogenesis and MIF production; T- and B-cell populations also decline. 
Complicating or accentuating this decline in immunocompetence is the immunosup- 
pressive effect of cancer therapy (11). Surgery, radiotherapy, and chemotherapy are 
all immunosuppressive. The immunosuppressive effects of surgery on cell-mediated 
immunity last up to a month. The suppressive effects of radiotherapy on circulating 
T- and B-lymphocyte levels can last for years, while intermittent chemotherapy (the 
common form of chemotherapy today) usually has transient immunosuppressive 
effects with rebound between courses of treatment. There is a cumulative irreversible 
immunosuppressive effect after repeated courses of treatment. 

Finally, the well-established relationship between immunocompetence and prog- 
nosis is relevant to immunotherapy (12). Patients with primary tumors and patients 
with disseminated or metastatic malignancy manifest this phenomenon. The inflam- 
matory response is impaired in solid-tumor and lymphoma patients and the degree 
of impairment is related to prognosis. Patients with primary solid tumors who 
cannot mount a delayed hypersensitivity response after sensitization with DNCB 
may be free of disease by surgery, but have early recurrence. Patients who can 
manifest delayed hypersensitivity have a much better prognosis. If the DNCB 
response declines after surgery, early recurrence is likely. Patients with lung cancer 
who have an impaired delayed hypersensitivity response to the recall antigen can- 
dida have poor survival, while patients with squamous cell carcinoma of the lung 
who have mumps responses smaller than 5 mm of induration have a poor response 
to therapeutic intervention. Patients with breast cancer who have a subnormal in 
vitro lymphocyte blastogenic response to phytohemagglutinin (PHA) have a poor 
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prognosis relative to patients who have a normal or vigorous PHA response. In 
acute leukemia, good prognosis could be predicted on the basis of the recall antigen 
response, the in vitro lymphocyte response to mitogens or antigens, or the ability 
to develop a delayed hypersensitivity response to the primary protein antigen key- 
hole limpet hemocyanin (KLH). Low levels of circulating B lymphocytes are asso- 
ciated with a poor prognosis both in primary solid-tumor patients before surgery 
and in patients with acute leukemia after intensive intermittent chemotherapy. 
These are just a few examples of the many observations that have been made relating 
immunocompetence and prognosis. 

There are also factors in the serum of cancer patients that block lymphocyte 
proliferation and cell-mediated killing or inhibition of tumor cell proliferation when 
tested in various in vitro systems (13). These blocking factors were initially thought 
to be antibody, but are probably circulating soluble antigen or antigen-antibody 
complexes (13). For example, in lung cancer we have recently observed a direct 
correlation between the degree of elevation of circulating immune complexes and 
diminished survival (14). The multiple factors outlined in this brief introduction 
form a rationale for immunotherapy and a scientific structure on which the objec- 
tives of immunotherapy can be developed. These are briefly discussed in the next 
section. 


OBJECTIVES OF IMMUNOTHERAPY 


Based on the above, a general scheme regarding objectives of immunotherapy can 
be developed. If a tumor-bearing individual’s general immunocompetence is im- 
paired, or if the individual is receiving immunosuppressive therapy, attempts can 
be made to restore immunocompetence to a normal level. A number of immunore- 
storative agents that increase the size of the T-cell population or improve T-cell 
function have been described and include levamisole (15), thymosin (16), and trans- 
fer factor (17). Microbial adjuvants that include BCG probably also have this as one 
of their functions. If the tumor-bearing individual has diminished or absent im- 
munological reactivity to the tumor-associated antigens, one can attempt to restore 
that reactivity. This can be accomplished by adoptive immunotherapy with transfer 
factor, possibly with “immune” ribonucleic acid (immune RNA) (18) or other 
products of specifically immune lymphocytes, by passive immunotherapy with spe- 
cific antisera (19), or by active-specific immunotherapy. The latter refers to immuni- 
zation with tumor cells or tumor antigen. 

If the individual has both general immunocompetence and adequate specific 
tumor immunity, but is at high risk of recurrent disease or has progressive measur- 
able tumor, one must assume that local-regional host defense factors are deficient, 
inadequate for the size of the tumor, or blocked by immunosuppressive factors 
released by the tumor and active in the tumor’s local environment. In this case, the 
objective of immunotherapy would be to activate local defense factors, including 
lymphocyte release of mediators, local antibody production, and direct lymphocyte 
and macrophage killing of tumor cells. If circulating blocking factors or local high 
concentrations of blocking factors are responsible for a failure of effective antitumor 


492 HERSH, GUTTERMAN & MAVLIGIT 


host defense, activation of the reticuloendothelial system (RES) to help clear these 
blocking factors, and local activation of macrophages, would be indicated. Aug- 
mented specific tumor immunity and augmented nonspecific antitumor host defense 
mechanisms might also act in concert with such conventional approaches as chemo- 
therapy, and a combination approach might kill a larger number of tumor cells than 
either approach alone. Restoration of general immunocompetence, boosting of spe- 
cific tumor immunity, activation of local and regional host defense mechanisms, and 
activation of the RES have all been demonstrated as activities associated with the 
administration of BCG. 

From the objectives of immunotherapy outlined above, the major approaches to 
immunotherapy and their rationale become evident (20). Active nonspecific im- 
munotherapy, which refers to the administration of microbial adjuvants, augments 
cell-mediated immunity, the antibody response, macrophage activity, and particle 
clearance by the RES. Active specific immunotherapy, referring to immunization 
with intact-or modified tumor cells or tumor antigen, is designed to specifically 
increase cell-mediated or humoral antitumor immunity. Adoptive immunotherapy 
refers to the transfer, from a specifically immune host to a non- or hypoimmune 
recipient, of the specific immune reactivity of the donor. This can be carried out with 
intact lymphoid cells or cellular extracts, such as immune RNA or transfer factor. 
In animal models, effective immunotherapy with cell transfer usually requires 
syngeneic immune cells (21). This would be impractical in the human setting. 
Recently, the concept of adoptive immunotherapy has been broadened to include 
the approach of transferring general immunocompetence from a competent donor 
to an incompetent recipient. Thymosin and possibly transfer factor fall into this 
category. Passive immunotherapy, referring to the transfer of specific antitumor 
antibody from immune donor to nonimmune recipient, has a certain potential, but 
has not been intensively investigated (22). The nature of the antibody could be 
complement-dependent, cytotoxic, deblocking, or associated with antibody-depend- 
ent, cell-mediated cytotoxicity. It could also function with macrophages as cyto- 
philic or opsonizing antibody. Local and regional immunotherapy refers to the 
administration of an active nonspecific immunotherapeutic microbial reagent or 
some other immunotherapeutic agent directly into a tumor, or into the regional 
lymphatic drainage of a primary or secondary tumor after its removal (23). The 
resultant local inflammatory and delayed hypersensitivity response can kill tumor 
by means of a bystander effect through the release of lymphokines or through the 
direct effect of activated macrophages. As is described below, the direct tumor 
cell-adjuvant—host defense cell interaction often also results in augmentation of 
systemic cell-mediated immunity. The final approach to immunotherapy that 
should be discussed is the use of the immunorestorative agent levamisole. This is 
the prototype of a new class of chemical restorative agents that increase T-cell 
number and function by increasing cellular maturation and expression of cell- 
surface markers through presumed activity on the cyclic nucleotide system (24). 
Finally, combinations of the above approaches, particularly of active nonspecific 
immunotherapy, with one of more of the others, have been shown to be effective and 
should be seriously considered for more extensive study in man. 
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BACKGROUND DATA ON BCG ACTIVITY 


BCG is the abbreviation for Bacillus Calmette-Guérin. This is an attenuated strain 
of Mycobacterium bovis, which was developed from a more virulent strain in 1908 
by Calmette and Guérin, of the Pasteur Institute (25). All BCG preparations 
throughout the world are derived from this original strain. Culture techniques vary 
widely and genetic drift has occurred, so that now the available strains vary in their 
biological and immunological characteristics. In addition, methods of preparation 
yield products that vary in the number of viable organisms, the number of dead 
organisms, the amount of free soluble antigen, and the dispersion of the organisms 
in terms of whether a “viable” or colony-forming unit consists of one or up to as 
many as 50 organisms (26). Some of the more commonly available strains or 
preparations include the Pasteur, Glaxo, Tice, Connaught, and Montreal strains. 
These are all commercially available for prophylaxis against tuberculosis and for 
experimental immunotherapy. They are generally provided lyophilized, and are 
reconstituted with a diluent free of bacteriostatic agents. Viable units vary greatly 
from preparation to preparation and from lot to lot, but are usually within the range 
of 1 X 107 to 5 X 108 units per ml. There is variation in the number of viable units 
because of a variable degree of clumping. In addition to these preparations, consider- 
able experimental and some clinical work is being done with a preparation grown 
in suspension in a synthetic medium (27). This material has potential advantages 
because it is fully viable, and contains few dead organisms and essentially no free 
soluble antigen. Dead organisms and free soluble antigen have been implicated in 
poor adjuvant activity of some BCG preparations (26). Cutaneous administration 
of BCG in some, but not all, clinical trials has been shown to provide 30-80% 
protection against the development of tuberculosis in susceptible populations and 
is clinically indicated in the appropriate populations (28, 29). The antitumor use of 
BCG is experimental, carried out under an Intent to use New Drug, and must be 
done by an approved clinical investigator or under his supervision, with appropriate 
institutional approval and protection of human rights. 

Many studies have demonstrated that BCG has potent immunological effects. 
These .effects include increased reticuloendothelial-system function, namely in- 
creased clearance of bacteria such as Listeria monocytogenes (30); increased clear- 
ance of carbon particles (31); augmentation of the antibody response (32); increased 
delayed hypersensitivity responses to a variety of antigens (33), including complex 
antigens such as sheep red blood cells; increased activity of peritoneal macrophages, 
in terms of metabolic activity, phagocytic activity, and ability to kill tumor cells 
(34); and increased resistance to infection, even in the face of leukopenia (35). BCG 
also has the capacity to increase the resistance to immunological paralysis. For 
example, in mice given a large dose of sheep red blood cells, which would usually 
result in the development of antibody and the failure of development of delayed-type 
hypersensitivity, if BCG is administered prior to the antigen, delayed hypersen- 
sitivity develops because of RES activation and improved clearance of antigen- 
antibody complexes (33). It is likely that several of these mechanisms may be 
involved in the antitumor activity of BCG. 
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In addition, and of potential relevance to its antitumor activity, it has been 
recently documented by several investigators, using antigen binding and some im- 
munoelectron microscopy, that BCG cross-reacts with the antigens on the surface 
of some tumor cells (36). Thus, BCG immunotherapy may operate via an increase 
in cross-reactive antitumor immunity. Recently, a specific increase in cell-mediated 
tumor immunity has been observed after BCG immunization in an animal model. 
Thus, BCG immunotherapy may not only be active nonspecific, but may also have 
an active specific component. 

The immunological effects of BCG are both strain- and preparation-dependent 
(26). An increased proportion of dead organisms and free soluble antigen diminishes 
‘the ability of BCG to stimulate cell-mediated immunity, and augments the antibody 
response. Different strains augment cell-mediated immunity to different degrees. In 
general, the more virulent and rapidly growing the strain, the more potent the 
stimulator of cell-mediated immunity. Recently, in a transplantable, carcinogen- 
induced guinea pig hepatoma system described more completely below, strain differ- 
ences in immunotherapeutic efficacy were also demonstrated. Fully viable Pasteur 
BCG, used in scarification after surgical extirpation of tumor, delayed tumor recur- 
rence more effectively than lyophilized Pasteur-strain or fully viable Tice-strain 
BCG (37). The extent to which this will be relevant for human immunotherapy is 
unknown at present, but it must certainly be considered in the design and evaluation 
of clinical trials. 

The immunological effects of BCG administration have also been studied in man. 
In our own studies of BCG immunotherapy, BCG administration by scarification 
converts the tuberculin reaction in approximately 80% of patients. Patients with 
minimum tumor burden show augmentation of delayed hypersensitivity reactions 
to recall antigens such as dermatophytin and streptokinase-streptodornase (vari- 
dase), and to primary antigens such as KLH, compared to untreated controls (38). 
However, in a small series we have not observed increased reactivity to DNCB after 
BCG therapy (39). Certain strains of BCG can significantly increase the circulating 
lymphocyte response to T-cell mitogens, but apparently have no effect on the 
lymphocyte response to B-cell mitogens (40). T- and B-cell levels in the peripheral 
blood are not altered by BCG immunotherapy. Finally, the presumed immunologi- 
cal functions of BCG immunotherapy, namely RES and macrophage activation, 
have not been studied in man. 

Two additional aspects of BCG administration are worthy of mention at this 
point. Intravenous administration of BCG to rats markedly depresses hepatic mi- 
crosomal enzyme function and specific activity (41). This may have important 
implications for a combination of chemotherapy and immunotherapy when the 
chemotherapeutic agent is either activated or degraded by these enzymes. Also, 
BCG administration markedly sensitizes mice to subsequent administration of en- 
dotoxin. A factor that causes regression of tumor and inhibits tumor-cell prolifera- 
tion in vitro appears in the serum of animals treated with BCG followed by 
endotoxin. This material has been demonstrated to be a macrophage enzyme or 
group of macrophage enzymes with tumor-inhibitory properties that can be demon- 
strated in vitro. It is not specific, and can kill a number of human melanoma cell 
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- lines. This material has been referred to as tumor necrosis factor (4). The extent to 
which tumor necrosis factor generation is a part of the mechanism of action of BCG 
is not known at this time. 


ADMINISTRATION OF BCG 


There -are numerous routes for BCG administration. Most commonly, BCG is 
administered into the skin. Methods of administration into the skin include scarifica- 
tion, multipuncture plate, Heaf gun, intradermal, and subcutaneous administration. 
In the scarification approach, a grid of scratches is made in the skin with the bevel 
of an 18-gauge needle. BCG is spread in the serosanguineous exudate on the scarified 
area, dried with cool air from a hair dryer, and protected from contamination and 
moisture for 24 hours. In the multipuncture and Heaf gun approaches, BCG is 
painted on the skin, after which a series of 1-mm needles or tines are driven through 
the painted area, driving some of the BCG organisms into the dermis. Intradermal 
and subcutaneous administration are with standard needle and syringe techniques. 
The dose of BCG administered intradermally or subcutaneously can be accurately 
quantitated, but the dose administered by the other cutaneous methods cannot. 
However, animal studies have demonstrated that more organisms are delivered into 
the skin, and more reach the regional draining lymph nodes by the scarification than 
by the multipuncture technique (42). BCG administered by scarification or mul- 
tipuncture technique results in an inflammatory lesion; the shape and the size of the 
application peaks in about one to two weeks, and is usually healed by two to four 
weeks. On repeated administration, flaring of previously treated sites is common. 
Flare reactions usually last one to two weeks. Regional adenopathy is common and 
both flaring and regional adenopathy correlate with a good prognosis (43) in patients 
getting BCG by scarification. 

In contrast to these usually limited reactions, intradermal and subcutaneous 
administration results in chronic ulcerated draining lesions, which may last for 
years, and commonly last for months. These latter routes of administration are also 
associated with a significant incidence of systemic BCG disease (if a high dose of 
BCG is used), which does not occur with scarification or multipuncture techniques 
(44). Administration of BCG by injection into primary or metastatic cutaneous: 
lesions may also be considered a form of cutaneous administration. Its characteris- 
tics are similar to that of intradermal or subcutaneous administration. An alterna- 
tive to this type of local immunotherapy is epilesional scarification, which is not 
associated with severe toxicity (45). 

BCG may also be administered orally (46). This route has been hypothesized to 
be useful against gastrointestinal malignancies; however, conversion of PPD re- 
sponses is very slow and systemic reactions are almost absent with this route. In at 
least one experimental animal model, oral BCG was ineffective in terms of antitumor 
activity (47). BCG may also be administered intravenously. This has been effective 
in at least one study of acute leukemia (48): Apparently, low doses are not associated 
with systemic BCG disease. Intracavitary BCG administration is of increasing 
interest. In man, this would include intrapleural BCG after pneumonectomy for 
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lung cancer (49), and intraperitoneal administration of BCG after removal of cancer 
of an intra-abdominal organ (50). These routes of administration would presumably 
activate the local host defense mechanisms in the regional drainage of the primary 
tumor. This is of already proven efficacy in lung cancer, as is outlined below. 

The usual symptomatic side effects associated with cutaneous administration of 
BCG have been well characterized (44). After repeated administration, patients 
usually experience 24-48 hr of low-grade fever, chilly sensations, mild malaise, mild 
arthralgias and myalgias, and easy fatigability. These usually do not interfere with 
normal daily activities. Less commonly, patients may experience high fever, shaking 
shills, severe flu-like syndrome, headache, nausea, and vomiting. Local reactions, 
including erythema, induration, tenderness, mild pain, and pruritis, are common 
and desirable, as is regional lymphadenopathy. BCG-induced regional lym- 
phadenopathy may be confused with tumor recurrence in regional lymph nodes and 
its differential diagnosis is obviously very important. Severe local or systemic side 
effects may require dosage regulation, which is usually carried out in half-log steps. 
Untoward complications of BCG immunotherapy is described in a subsequent 
section. 


ANIMAL MODELS OF IMMUNOTHERAPY WITH BCG 


Immunotherapy with BCG is firmly based in animal model work. In 1959, based 
on its ability to increase reticuloendothelial system activity, several investigators 
observed that the administration of BCG increased the resistance of animals to 
subsequently transplanted experimental tumors (51, 52). It was subsequently dem- 
onstrated that a variety of viral and carcinogen-induced tumors, as well as spontane- 
ous tumors such as AKR leukemia in mice, are delayed in development, reduced 
in incidence, or prevented by pre-treatment with a single dose of BCG (53). In 
animals with established tumors, BCG can be curative when given intralesionally 
(54) or intravenously (55). For example, in guinea pig hepatoma (54), intralesional 
BCG injection of a 7-day-old primary tumor implant causes local tumor regression, 
complete inhibition of the growth of metastatic tumor in the regional lymph nodes, 
and induces strong systemic tumor resistance. The latter is manifested by increased 
resistance to subsequent tumor-cell challenge. The induced tumor immunity is 
completely tumor type-specific. This system is relevant to human cancer, since this 
is a weakly antigenic tumor. In rats with a transplantable fibrosarcoma, intravenous 
BCG causes regression of established artificial pulmonary metastases, as well as 
artificially induced pleural metastases (55). When administered systemically, either 
alone or in combination with a tumor-cell vaccine, BCG can prolong surgery or 
chemotherapy-induced remissions of experimental tumors in animals (56). 

The most effective routes of BCG administration in these models seem to be those 
that are regional or in close approximation to the primary tumor. The mechanism 
of action of BCG has been elucidated in the various animal models. While it is active 
in weakly antigenic tumors, such as guinea pig hepatoma, it is most active in 
antigenic tumors and, indeed, some weakly antigenic tumors are enhanced by BCG 
administration (57). The mechanism of action seems to vary depending upon the 
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type of tumor, the status of the tumor, and the species under study. Broadly 
speaking, three major mechanisms of action have been identified. These include 
augmentation of classical cell-mediated immunity, activation of macrophages with 
subsequent macrophage-mediated killing of tumor cells, and, as mentioned above, 
cell-mediated and/or humoral immunity to antigens on BCG organisms that cross- 
react with tumor cells. The strong evidence for the role of macrophages comes from 
direct histological studies of tumor undergoing regression after intralesional therapy 
with BCG (58), from the fact that BCG-activated macrophages have been shown 
to selectively kill tumor cells (34), and from the fact that macrophages from animals 
cured of the guinea pig hepatoma by intralesional BCG kill tumor cells at an effector 
target-cell ratio of 10:1, whereas lymphocytes from the same animals kill only in a 
ratio of 10,000:1 (59). Direct macrophage lysosome injection into tumor cells has 
been observed. This further supports the concept of the macrophage role. 

One animal model, the guinea pig hepatoma mentioned above, has been exten- 
sively used to study BCG immunotherapy (60, 61). Using this model, optimal 
conditions for BCG immunotherapy have been established. The tumor must be 
relatively small, the dose of BCG must be relatively large, and there must be close 
approximation between the BCG and the tumor; even low burdens of tumor cells 
at distant sites can abrogate the immunotherapeutic effect, and the strain and 
viability of the BCG are important. Animal models such as this can be used to ask 
clinically relevant questions regarding BCG, as well as other forms of immunoth- 
erapy. 


BCG AND CANCER PREVENTION 


An intriguing and as yet unresolved question regarding BCG is whether the inci- 
dence of malignant disease is lower in individuals inoculated with BCG as pro- 
phylaxis against tuberculosis, and whether BCG administration, particularly in 
infancy, could be used to prevent the subsequent development of malignant disease, 
particularly acute leukemia and malignant lymphoma of childhood. In 1970, it was 
first reported that there was a 50% reduction in the leukemia death rate among 
neonatally vaccinated children (62). In 1972, workers in Chicago reported an 85% 
reduction in deaths from leukemia among an ethnically homogeneous group of 
children inoculated with BCG neonatally (63). This latter study has been recently 
reanalyzed by the National Cancer Institute, which found a 50% reduction in deaths 
from leukemia and all cancers in the vaccinated, compared to a control group (64). 

In contrast to these encouraging observations, when the cancer mortality and/or 
incidence was investigated in 3 controlled clinical trials of BCG administration as 
prophylaxis against tuberculosis, no statistically significant difference in leukemia 
incidence or other cancer incidence was noted (64). There was some reduction in 
leukemia mortality, but some increased mortality from malignant lymphoma. It 
should be noted that none of these studies involved neonatal immunization. How- 
ever, no difference in leukemia mortality was observed in populations in Canada and 
Scotland, who did receive neonatal BCG immunization, compared to other parts of 
the world where this is not done (65). Nor were there differences in mortality from 
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leukemia in Scandinavia, where populations are either vaccinated in the newborn 
period, or at approximately age 13 (66). These data suggest that the question of 
leukemia and other cancer mortality, as influenced by neonatal BCG administration, 
cannot be definitively answered at this time. However, the bulk of evidence suggests 
no significant effect. 


HISTORICAL ASPECTS OF BCG IMMUNOTHERAPY 
OF CANCER IN MAN 


In 1969, Mathé and co-workers reported remission prolongation by BCG im- 
munotherapy in acute lymphoblastic leukemia of childhood (67). The study was 
based on animal experiments in which he and his co-workers demonstrated that the 
administration of BCG alone, or BCG plus tumor cells, to mice with L1210 leu- 
kemia prolonged survival if the tumor burden was under 10° cells (68). Thirty 
patients with chemotherapy-induced complete remission were allocated to receive 
either 75 mg of BCG by scarification every 4 days for the first month and then 
weekly, or the same plus 4 X 107 pooled allogeneic irradiated leukemic cells. Both 
forms of immunotherapy were equivalent in their effect and, at approximately 3 
years, 50% of the 20 immunotherapy patients were still in remission. In contrast, 
all of the ten controls had relapsed by approximately 120 days. Apparently 5 of these 
patients have remained free of disease to the present time. The fresh liquid form of 
Pasteur-strain BCG was used in this study. In 1970, Morton and associates reported 
the results of intralesional BCG immunotherapy of cutaneous metastatic malignant 
melanoma (69). Patients with metastatic disease were evaluated for the presence of 
circulating anti-melanoma antibody and for the ability to be sensitized to DNCB. 
Their tumor nodules were injected with 0.1 ml of Glaxo-strain BCG. Twenty-five 
patients were treated. Regression of injected nodules was seen in all 19 who were 
DNCB-positive, and in none of those who were DNCB-negative. Regression of 
uninjected nodules was also seen in 4 of the 19 patients. It was the impression that 
meaningful prolongation of remission and survival was seen in some of these pa- 
tients. 

In 1965, Villasor, working in the Philippines, treated patients with repeated 
courses of chemotherapy plus repeated BCG vaccination, using 0.2 mg of Pasteur- 
strain BCG administered intracutaneously (70). The patients had various types of 
metastatic malignancy including breast, lung, thyroid, prostate, and colon. Appar- 
ently subjective and objective responses increased from about 39 to about 74%, and 
the one-year survivors increased from 35 to 59%, while the two-year survivors 
increased from 6 to 16%. Questions regarding the controls, the comparability of the 
groups, the objective or subjective nature of the responses, and the lack of publica- 
tion in an international journal prevented the results of this study having a major 
impact. 

In 1972, Bluming and co-workers carried out a comparative study of two forms 
of BCG immunotherapy in African patients following removal of primary 
melanoma of the foot (71). Six patients received 0.1 ml of Glaxo BCG intradermally 
every 4th day, and 6 patients received 150 mg of lyophilized Pasteur BCG every 4th 
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day by scarification, the duration of therapy in both groups being 1 month. The 
group receiving the high dose of BCG by scarification showed relapse in only 1, with 
follow-up from 30 to 60 weeks, compared to the low-dose BCG group, in which all 
patients had relapsed and 3 had died by 30 weeks. The latter was comparable to the 
historical control for this poor-prognosis type of melanoma. 

In 1974, our group reported results of BCG immunotherapy in combination with 
chemotherapy for advanced metastatic malignant melanoma (43). Eighty-nine pa- 
tients receiving a 5-day course of 5(3,3 dimethyl-l-triazeno)-imidazole-4-carboxa- 
mide (DTIC), followed by BCG administered by scarification on days 7, 12, and 17 
of each 21-day cycle, were compared to 111 patients treated with DTIC alone in 
a historical control series. There was an improvement in overall response rate from 
14 to 27%, and in patients over the age of 60, the response rate improved from 4 
to 25%. When data were analyzed for response by site of involvement, there was 
no significant improvement in response of liver or lung metastases, while response 
of regional lymph nodes and/or skin metastases improved from 18 to 55%. There 
was a significant improvement in the remission duration among the BCG-treated 
patients, as well as the duration of survival of remission patients and of the overall 
group. 

In 1975, we reported results of a study in which BCG was administered with the 
objective of prolonging the disease-free interval and survival in patients with stage 
III malignant melanoma after extirpation of all clinically detectable recurrent re- - 
gional lymph node disease (72). BCG was administered by scarification weekly for 
3 months and then every other week. A low (6 X 107 organisms per scarification) 
and a high (6 X 108 organisms) dose were compared. The BCG was administered 
in the deltoid regions and in the thighs by rotation. Several critically important 
observations were made. First, the high dose of BCG was more effective than the 
low dose, and indeed, only the high dose significantly improved the disease-free 
interval and the survival of the overall group. Second, patients with head and neck 
primaries whose disease had metastasized to cervical lymph nodes did not benefit 
from postsurgical BCG immunotherapy. In contrast to this, in the recently reported 
study of Eilber and co-workers (73), a similar program was used. However, BCG 
for head and neck patients was also placed over the site of the primary lesion, and 
in this circumstance, patients with head and neck primaries also responded. 

In 1976, McKneally and co-workers reported a study of intrapleural BCG im- 
munotherapy in 39 patients with stage I lung cancer (49). Seventeen patients re- 
ceived 10’ Tice-strain BCG organisms intrapleurally after surgery, followed 2 weeks 
later by a three-month course of INH. The controls received surgery and INH 
without BCG. With a median follow-up of approximately one year, there were no 
recurrences or deaths in the BCG group, while there were 9 recurrences and 5 deaths 
in the control group of 22 patients. In a much smaller group of patients with stage 
H and HI lung cancer, no significant effect of intrapleural BCG was observed. 
Finally, in 1976, Yamamura and co-workers (74) reported the effects of immunoth- 
erapy of stage I through IV lung cancer with BCG cell-wall skeleton attached to 
oil droplets (75, 76). Patients received this material intradermally, intrapleurally, 
intralesionally, and in repeated doses between courses of chemotherapy as the 
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clinical situation indicated. In each stage of lung cancer, the patients receiving this 
vaccine had improved survival compared to patients not receiving the vaccine. For 
example, in patients with stage IV disease receiving chemotherapy plus vaccine, 
45% were alive at 15 months, compared to a historical control group receiving 
chemotherapy alone. 

The papers reviewed in this section establish many of the principles of immunoth- 
erapy with BCG and its subfractions and point the direction for future work in this 
field. BCG administration can prolong the disease-free interval or remission dura- 
tion and/or survival in both leukemias and in solid tumors, when a state of minimal 
residual disease has been established by conventional treatment. Dose of administra- 
tion is important, and a high dose is more effective. Route of administration is also 
important, and disease that metastasizes via lymph nodes must be treated along the 
lymphatic pathways of spread of the disease. Thus BCG must be administered in 
the region of potential or existing metastatic disease. Presumably, this relates to the 
need for activation of regional host defense mechanisms. 

BCG immunotherapy can be effective even when the tumor burden is large. This 
contradicts the hypothesis that a minimal tumor burden of under 105 cells is re- 
quired for effective therapy (68). The administration of BCG with chemotherapy 
can actually improve the overall response rate of metastatic disease. The individual 
must be immunocompetent to receive the optimal benefit from BCG immunoth- 
erapy. Nonviable components of BCG, that is, purified active fractions, may be as 
or more effective than native BCG. These observations suggest that future work with 
BCG, as well as with other microbial adjuvants, should emphasize improving the 
immunocompetence of the patient prior to or concurrent with BCG administration, 
using the BCG immunotherapy as intensively as possible in terms of dose and 
schedule, delivering the BCG or BCG derivative to the site of tumor involvement 
(this suggests intravenous administration in the case of liver, lung, or bone metas- 
tases), and finally, the need for preclinical and clinical laboratory work on purified 
active adjuvant subcomponents of BCG and other microbes. 


IMMUNOTHERAPY OF LEUKEMIA WITH BCG 


There have now been more than 20 trials of immunotherapy in acute leukemia, and 
at least 12 of these involved the use of BCG or a BCG derivative (77). Most trials 
subsequent to the report of Mathé and co-workers have been negative in acute 
lymphocytic leukemia (ALL), but have been positive in acute myeloid leukemia 
(AML) and chronic myeloid leukemia (CML). Thus, Heyn and co-workers adminis- 
tered BCG immunotherapy to children with ALL. When in remission, patients 
received either no further therapy, BCG, or chemotherapy. BCG was inferior to 
chemotherapy for remission maintenance (78). This study utilized a very low dose 
of Tice-strain BCG. The British Medical Research Council administered BCG by 
multipuncture plate subsequent to remission induction with combination chemo- 
therapy for childhood ALL (79). The BCG used was a low dose of Glaxo strain. 
No effect of immunotherapy was observed. Poplack and co-workers studied BCG 
immunotherapy added to chemotherapy and craniospinal irradiation for childhood 
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ALL. Remission maintenance was with chemotherapy or four monthly cycles of 
chemotherapy alternating with 2 months of immunotherapy with BCG of the 
Pasteur strain administered by multipuncture plate (80). No effect of BCG im- 
munotherapy was observed. These studies were all in children with ALL. In our 
own immunotherapy studies with BCG, administered by scarification between 
courses of chemotherapy, while there was immunotherapeutic benefit in adults with 
AML, there was no immunotherapeutic benefit in adults with ALL (81). Difficulty 
in demonstrating efficacy of BCG immunotherapy in ALL may relate to the high 
response rate and long remission duration induced by chemotherapy alone, and the 
demonstrated weak immunogenicity of ALL cells. 

In contrast to the above, immunotherapy of AML with BCG alone or BCG plus 
tumor-cell vaccine appears to be effective. Vogler and colleagues randomized 41 
patients in remission after chemotherapy to receive BCG of the Tice strain twice 
weekly for four weeks, followed by chemotherapy, or to receive chemotherapy alone 
(82). Remission duration was prolonged in the immunotherapy group. In our study 
(81) we used liquid Pasteur-strain BCG administered approximately weekly by 
scarification between courses of remission-maintenance chemotherapy, and have 
demonstrated prolongation of remission and survival. In historical controls, the 
remission duration was 50 weeks, compared to 91 weeks among patients on che- 
moimmunotherapy, while the median survival was 60 weeks in the control, com- 
pared to greater than 72 weeks among patients on immunotherapy. Recently, we 
have compared patients receiving remission maintenance, chemoimmunotherapy, 
plus late chemotherapy consolidation to patients receiving the same, plus BCG 
immunotherapy. This resulted in a median duration of remission of 160 weeks, 
compared to 90 weeks on chemotherapy alone (83). It is of great interest that 
Whittaker and co-workers have compared immunotherapy with intravenous BCG 
plus chemotherapy to chemotherapy alone in patients with AML (48). Both remis- 
sion and survival were longer in the group receiving BCG. Second remissions were 
obtained more easily in patients receiving the BCG. 

Nonviable fractions of BCG are apparently also active in immunotherapy of 
AML. There have now been two reports that remission duration and/or survival 
can be improved by the administration of MER between courses of remission- 
maintenance chemotherapy (84, 85). 

BCG has also been used in AML in combination with active-specific immunoth- 
erapy with allogeneic irradiated leukemic cells. The results of these studies are 
similar to the use of BCG alone, and the exact role of either component in these 
combination programs cannot be determined. A series of studies was carried out 
under the direction of the late Professor Gordon Hamilton-Fairley in London over 
the last few years (86-88). Remission-induction chemotherapy was given, followed 
by intermittent combination chemotherapy plus immunotherapy. The latter was 
irradiated allogeneic leukemic cells plus Glaxo-strain BCG administered by Heaf 
gun. The dosage of leukemic cells was 10° divided between the three extremities not 
receiving BCG, and the whole program was administered approximately weekly by 
rotation. It appears that the main effect of this immunotherapy is to increase survival 
duration from 45 to approximately 78 weeks. In one of these series of studies, it was 
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demonstrated that survival duration was as long with immunotherapy alone as with 
chemoimmunotherapy. This form of combined immunotherapy, BCG plus tumor- 
cell vaccine, has also been used in CML (89). Sokal and co-workers administered 
repeated doses of BCG and a cultured allogeneic leukocyte cell line. Prolongation 
of disease-free interval and survival was observed (89). 

Future developments in BCG immunotherapy of the leukemias should focus on 
improving immunocompetence of the patient, defining and optimizing the interac- 
tion between immunotherapy and chemoimmunotherapy, defining and optimizing 
the role of other approaches to immunotherapy such as tumor-cell or antigen 
immunization, investigating the role of purified subfractions of BCG and other 


‘microbial agents, and further investigating alternate route of immunotherapy such 


as intravenous administration. 


IMMUNOTHERAPY OF LUNG CANCER WITH BCG 


Relatively few studies of immunotherapy of lung cancer with BCG have been 
carried out. Villasor, in the study mentioned above, included lung cancer patients 
in his series and observed prolongation of survival when intracutaneous BCG was 
added to chemotherapy (70). Khadzhiev & Kavaklieva-Dimitrova reported a series 
of studies in which an aqueous extract of the Russian strain of BCG was adminis- 
tered to patients with inoperable bronchogenic carcinoma, some of whom were 
receiving other treatment (90). Regression of histologically and radiographically 
proven tumors occurred in 28% of the patients and was attributed to immunoth- 
erapy. The survival rate of patients receiving immunotherapy was superior to that 
in an untreated control group. The study of McKneally and co-workers, utilizing 
intrapleural BCG (49), and the study of Yamamura and co-workers, utilizing BCG 
cell-wall skeleton coated on oil droplets for regional, local, and systemic immunoth- 
erapy of lung cancer, have already been outlined (74). In 1974, Edwards & Whitwell 
reported that a single subcutaneous dose of Glaxo BCG, given 10 days after surgery, 
improved the survival of patients with various types of lung cancer (91). The 
two-year survival in squamous cell carcinoma increased from 50 to 62%, and in 
squamous cell carcinoma with positive nodes, from 33 to 53%. In oat cell car- 
cinoma, the two-year survival increased from 11 to 50% with the addition of BCG. 
These results were suggestive, but did not reach statistical significance. The authors 
are now conducting a randomized trial that involves 500 patients, but the result has 
not yet been reported. Recently, Pines reported a study in which 48 patients with 
locally advanced squamous cell carcinoma were randomized to receive radiotherapy 
alone or radiotherapy plus weekly BCG applied with a Heaf gun (92). They used 
Glaxo BCG at a dosage of 1.2 x 10° organisms per application. None of 23 patients 
in the control group and 6 of 22 patients in the BCG group were alive at 3 years. 
Also, distant metastases were significantly less common subsequent to radiotherapy 
in the BCG group. 

Several phase I trials of aerosol administration’ of BCG have been attempted, but 
these have been associated with a fairly severe set of pulmonary side effects, and the 
ultimate utility of this approach to immunotherapy is questionable (93). 
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In lung cancer, significant advances in immunotherapy have also been made using 
other modalities, and these should at least be mentioned. Thus, in stage I patients, 
active specific immunotherapy with tumor antigen mixed with Freund’s adjuvant 
(94) and immunorestorative immunotherapy with levamisole (95) have been shown 
to be effective. In patients with advanced disease, either lung cancer or with pulmo- 
nary metastases of other tumors, intravenous C. parvum alone has caused tumor 
regression (96). In a recent study of locally advanced lung cancer, chemotherapy 
with adriamycin plus C. parvum has proven to prolong survival compared to 
chemotherapy with adriamycin alone (97). These data suggest that BCG immunoth- 
erapy may play an important role in combination with other forms of immunoth- 
erapy, and that systemic immunotherapy with BCG or BCG derivatives by the 
intravenous route should be seriously considered. 


IMMUNOTHERAPY OF MALIGNANT MELANOMA WITH BCG 


Malignant melanoma has been a subject for immunotherapy for a considerable 
period of time because of its known immunological associations. Thus, cellular 
infiltration of the primary tumor and spontaneous regression of cutaneous metas- 
tases, as well as spontaneous regression of primary tumors, have been observed, 
suggesting that this tumor is a particularly responsive one to host control factors 
(98). Both humoral and cell-mediated immunity to malignant melanoma have been 
identified in various laboratory studies and high levels of immunity are generally 
associated with a good prognosis or a state of minimal residual disease (99). Some 
of the early important immunotherapeutic studies in malignant melanoma that laid 
the foundations of BCG immunotherapy have already been described. The systemic 
adjuvant studies of Bluming (71) and the intralesional studies of Morton (69) 
prompted a series of studies by different investigators of adjuvant immunotherapy 
with either BCG alone, or BCG plus chemotherapy, usually with DTIC. In these 
studies, patients with local recurrence or regional lymph node metastases, or even 
with distant metastatic disease, are rendered free of clinically detectable disease by 
surgery, after which repeated administration of BCG is carried out, usually by 
scarification, multipuncture, or Heaf gun technique, either alone or between courses 
of chemotherapy. Patients with regional lymph node metastases discovered at the 
time of prophylactic dissection, concurrent with removal of the primary tumor, or 
patients with clinically recurrent regional lymph node disease months to years after 
primary surgery, have both been studied. 

A variety of investigators, including Gutterman (72), Eilber (73), Morton (99), 
Ikonopisov (100), Siegler (101), Milton (102), and their colleagues, have reported 
prolonged disease-free interval and survival. The responsive patients are usually 
those who are immunocompetent and those receiving the more aggressive regimens 
of therapy. The usual response is a doubling of the disease-free interval and the 
survival, with the shapes of the treated and the control curves being the same. For 
example, in the recent report by Eilber and co-workers (73), the treated group had 
a 55% three-year disease-free interval, compared to 25% in the control group. In 
that study, for different sites there was an increase in the percentage of patients free 
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of disease from 30 to 75% for head and neck primaries, 25 to 50% for extremity 
primaries, and 45 to 70% for trunk primaries. Not all studies have been positive. 
Pinsky and co-workers have not found an adjuvant effect of BCG, but they used a 
low dosage and did not administer BCG regional to the primary tumor (103). For 
patients with metastatic disease, some improvement of response rate to chemother- 
apy has been observed by the addition of BCG immunotherapy between courses, but 
the major effect is prolongation of remission duration and survival (43). 

BCG immunotherapy has also played an important role when combined with 
tumor-cell vaccines. BCG mixed with irradiated tumor cells has been used in two 
studies, one alone, and one in combination with chemotherapy (104, 105). When 
used alone, a transient, approximately 25%, partial remission rate was observed. 
When used in combination with DTIC, this regimen led to a 50% remission rate 
compared to the usual 20 to 25% with DTIC alone. Again in studies of metastatic 
disease, not all reports have been positive, and’ some ongoing studies have failed to 
confirm the additive results of BCG or BCG plus tumor cells in the treatment of 
metastatic disease. 

In contrast, Morton’s original observation of the efficacy of intralesional im- 
munotherapy has been extensively confirmed by several investigators including 
Siegler (101), Minton (106), Pinsky (107), Nathanson (108), and Mastrangelo (109), 
and their colleagues. BCG subfractions also appear to be active in intralesional 
immunotherapy. Yamamura and co-workers reported a case in which there was 
cutaneous metastatic disease, as well as regional lymph node involvement (110). 
Repeated intralesional injection of BCG cell-wall skeleton attached to oil droplets 
resulted in regression of measurable disease over several months. In our clinic, 
Richman and co-workers (111) have preliminary observations suggesting that pa- 
tients with advanced metastatic disease show approximately a 20% response rate 
of locally injected nodules, either with BCG cell-wall skeleton on oil droplets alone, 
or when combined with the P3 (trehalose dimycolate) fraction of BCG. Because of 
these observations, and observations made in the guinea pig hepatoma model, 
described above, intralesional immunotherapy of primary melanoma as a method 
to improve the ultimate cure rate from surgery is very attractive. This is currently 
under study with BCG. However, Everall and co-workers recently carried out 
intralesional immunotherapy with vaccinia virus before primary surgery for levels 
IV and V primary melanomas (112). There was a prolongation in the disease-free 
interval in the immunotherapy group, with 50% of the controls, but only 5% of the 
treated patients relapsing in 24 months. At 54 months, however, there was no 
significant difference between the groups. Thus, results of immunotherapy with 
melanoma are encouraging. However, a doubling of the disease-free interval and 
survival and a prolongation of remission rate are not adequate in a disease where 
virtually 100% of patients with 5 or more positive nodes will ultimately expire, and 
where the current chemotherapy response rate hovers around 20%. Research in 
immunotherapy of melanoma with BCG is currently focused on BCG subcompo- 
nents,. intralesional immunotherapy of the primary tumor before surgery, more 
intensive use of BCG, and attempts to use either BCG or some other bacterial 
adjuvant to reach systemic areas of involvement, either gross or microscopic. In this 
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regard, daily intravenous or continuous intravenous immunotherapy with C. par- 
yum is showing promise (96). 


IMMUNOTHERAPY OF OTHER SOLID TUMORS WITH BCG 


A variety of other solid tumors have been treated with either BCG or BCG deriva- 
tives. One of the most interesting areas is carcinoma of the colon. Mavligit and 
co-workers have done a study in 76 patients with Dukes’s class C colon cancer, in 
which the patients were randomized to receive either BCG by scarification weekly 
for 3 months and every other week thereafter, or to receive a 5-day course of 
5-fluorouracil (5-FU) every three weeks, with weekly BCG between courses (113). 
These patients were compared to historical controls. There was a significant increase 
in the disease-free interval and survival of these patients. The regimen was tolerated 
with Virtually no systemic side effects. Both regimens were equivalent in their 
efficacy. The greatest number of relapses were in patients with rectosigmoid car- 
cinoma who relapsed locally. Thus, even though BCG was given into the lower 
extremities, it apparently did not affect microscopic disease in the pelvic area. The 
remaining relapses were mainly in the liver. We have now devised a new regimen 
in which the BCG immunotherapy will be supplemented by an early course of daily 
intravenous C. parvum, with the problem of local relapses to be attacked by local 
radiotherapy. Also, the doses of 5-FU will be increased into the moderately myelo- 
suppressive range. While no data are available, this multimodality approach offers 
promise. 

In a phase I study of immunotherapy with MER, Moertel and co-workers ob- 
served that’3 out of 38 patients with metastases of colon carcinoma to lung or liver 
showed transient but definite measurable partial remission (114). 

In metastatic breast carcinoma, major advances have recently been made in 
_ chemotherapy. One effective regimen is a combination of 5-FU, adriamycin, and 
cyclophosphamide (referred to as FAC). This induces a 75% complete and par- 
tial remission rate and a 25% complete remission rate (115). Administration of 
6 X 108 BCG organisms on days 9, 13, and 17 between 21-day cycles of chemother- 
apy has significantly prolonged the duration of complete plus partial remission, and 
has significantly prolonged survival (116). This regimen is also being used in the 
treatment of patients with stage II breast cancer after surgery. While preliminary, 
it. appears that this is a highly effective regimen in the prevention of recurrent 
disease. 

BCG immunotherapy has also been used in head and neck cancer. Donaldson 
reported that a combination of methotrexate, isoniazid, and BCG increased the 
complete and partial remission rate in patients with recurrent or advanced squa- 
mous cell carcinoma from the.usual 35% to approximately 80% (117). In our clinic, 
Richman and co-workers have observed that for patients with distant metastases of 
head and neck cancer, combination chemotherapy, plus BCG given by scarification 
approximately weekly, had no effect on the response rate or response duration, but 
significantly prolonged survival (118). 
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In another study gastrointestinal carcinoma, in patients with advanced but par- 
tially operable carcinomas of various gastrointestinal sites, intraperitoneal BCG, 
followed by boosting with oral BCG, caused apparent regression of tumor in some 
patients (50). This study is hard to evaluate because of the multiplicity of histologi- 
cal types treated, their variability of clinical extent of disease, the difficulty in 
evaluating postoperative intraabdominal disease, and the lack of a control group. 
However, this study has demonstrated the feasibility of intraperitoneal BCG admin- 
istration, and the rationale for local-regional immunotherapy with BCG was dis- 
cussed above. 

Several studies have been conducted involving BCG immunotherapy in malignant 
lymphoma. Sokal and co-workers reported a study in which 50 patients with IA 
through 2A malignant lymphoma of various histological types previously treated 
with radiotherapy were given a single intradermal injection of 0.1 ml of Tice-strain 
BCG or were not treated (119). The relapse rate at 6-8 years was 77% in the 
controls and 61% in the treated; the mean time to the first new lesion was 10.6 
months in the control, and 25.9 months in the treated. This study is difficult to 
interpret because of marked variability between the two groups in various prognostic 
factors and the fact that staging procedures were inadequate at the time of the study. 
Recently, Mathé and co-workers treated a group of patients with leukemic lym- 
phosarcoma with chemotherapy. Of the 18 who entered remission, 9 were treated 
with active immunotherapy, including BCG, C. parvum, C. granulosum, and ir- 
radiated allogeneic leukemic cells (120). Five of the 9 remained free of disease for 
13-66 months, while 7 of the 9 in the control group have already died. 

In soft-tissue sarcoma, Townsend and co-workers treated patients with BCG 
immunotherapy and a cultured sarcoma tumor-cell vaccine after surgical extirpa- 
tion of their disease (121). Sixty-one percent of 18 patients with localized soft-tissue 
sarcoma who received immunotherapy were free of disease at the time of the report, 
compared to only 33% of the 15 treated with surgery alone. Of the patients who 
relapsed, the disease-free interval was 15 months in the treated patients and 
7.3 months in the control. This result is quite analogous to that seen in other - 
disease categories such as leukemia, lymphoma, melanoma, and carcinoma of 
the colon. 

A most interesting preliminary study in bladder carcinoma has been reported by 
Eidinger & Morales (122). These investigators used intravesicle BCG immuno- 
therapy plus BCG administered intracutaneously in the thighs in patients with 
recurrent bladder cancer who had been previously treated with fulguration alone or 
fulguration plus the installation of thiotepa and epodyl. The recurrence rate prior 
to immunotherapy averaged 6 months, with 5 new lesions appearing during that 
period of time. After the BCG treatment, patients had an average of 0 new lesions 
in 5 months. Overall, there were 35 lesions in 67 months of follow-up in 7 patient 
prior to treatment, and none in 47 months of follow-up after treatment. This 
strongly suggests the potential efficacy of regional immunotherapy with BCG. There 
are other examples of BCG immunotherapy, most of them too preliminary for 
definitive evaluation, but nonetheless encouraging. This overview of some of the 
more encouraging studies should give the reader a reasonable concept of the current 
status of the use of this agent in cancer treatment. 
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SUBCOMPONENTS OF BCG FOR CANCER IMMUNOTHERAPY 


There is currently a great deal of interest in purified subcomponents and nonviable 
fractions of BCG for immunotherapy. Interest in these stems from two basic motiva- 
tions. First, there are serious complications and side-effects of immunotherapy with 
viable BCG. Possibly purified subcomponents.could avoid these. Second, purifying 
active subcomponents should result in a more active preparation and in a prepara- 
tion that can be administered through a wider variety of routes more safely. The 
subcomponent preparations currently being used clinically are the methanol-extrac- 
tion residue of BCG (MER), and various defined products, including purified BCG 
cell-walls, purified BCG cell-wall skeleton (peptidogalactan), and purified cell-wall 
lipid produced by specialized column fractionation, referred to as P3 (trehelose 
dimycholate). 

MER is made by methanol extraction of phenol-killed, acid-washed BCG organ- 
isms and represents the aggregate or particulate portion of partially delipidated 
cell-wall skeletons of the BCG organism (123). MER was initially developed as a 
potential adjuvant to increase resistance to mycobacterial and other infection. Sub- 
sequently, it was discovered that it had potent antitumor activity (123). The material 
increases resistance to viral leuakemogenesis and increases resistance to transplanta- 
tion of carcinogen-induced tumors. It can prolong survival following chemotherapy 
or radiotherapy of experimental tumors, although it usually does not produce cures. 
Of interest, administration at sites distal to the tumor is as good as intralesional 
administration. Its mechanism of action is similar to that of BCG. MER has been 
shown to prolong remission duration and survival in acute leukemia in two studies 
(84, 85), and to induce transient remissions in patients with metastatic colon cancer 
(114). Our group has recently conducted a study comparing the efficacy of BCG and 
MER in the chemoimmunotherapy of metastatic breast cancer. Equivalent activity 
was demonstrated and produced superior survival compared to chemotherapy alone 
(124). The other BCG fractions have mainly been studied by Ribi & Lederer. BCG 
cell-wall is made by lysis of BCG, and cell-wall skeleton is made by proteolysis and 
extraction with organic solvents (125). The material extracted with organic solvents 
results in a series of glycolipids, including wax-D and cord factor, a purified subcom- 
ponent of which is P3. The best source of cell-wall skeleton is M. phlei, while the 
best source of P3 is the aoyma B strain of Mycobacterium tuberculosis. BCG 
cell-wall skeleton has been used extensively in only one study of immunotherapy of 
lung cancer outlined above (74), and has been (also outlined above) used in a number 
of studies of intralesional immunotherapy in melanoma (110, 111). Both of these 
agents offer great promise for the future of immunotherapy. Indeed, in recent 
animal-model trials these materials, as well as more highly refined microbial prod- 
ucts such as detoxified mutant endotoxin plus P3 on oil droplets, are proving highly 
effective (128). 


UNTOWARD REACTIONS AND COMPLICATIONS 


The usual or normal reactions to BCG administration were described above. How- 
ever, it would be worthwhile to outline the unusual but significant, serious complica- 
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tions of this form of treatment encountered. We might first consider local 
complications. When BCG is administered intradermally or subcutaneously, the 
local induced lesion heals after a month or two. However, in a small fraction of 
patients, perhaps 5%, a chronic local draining lesion develops, which ulcerates and 
may persist for many months, or even years. Such a lesion results in scarring. When 
BCG is administered by scarification or multipuncture plate, very severe local 
reactions occur in less than 5%. These are associated with pain, blistering, oozing, 
or even bleeding; these lesions, rather than healing in two weeks, may take several 
months to heal. Although very rare, secondary bacterial infection of scarified or 
multipuncture-treated areas may occur. These require local treatment with soaks 
and peroxide, and the surrounding cellulitis may require systemic antibiotic treat- 
ment. 

Several types of systemic reactions can also occur. While it has not been described 
for either scarification, intradermal, or subcutaneous administration, the intrale- 
sional administration of BCG has resulted in at least two cases of an anaphylactoid 
syndrome, followed by death (44). Approximately 2% of patients receiving repeated 
BCG administration in our clinic develop generalized cutaneous allergic reactions 
that may persist for weeks, which are associated with systemic symptoms and may 
require corticosteroids and antituberculous agents in combination for their control. 
We have observed erythema multiforme, generalized maculopapular eruption, ery- 
thema nodosum, exfoliative dermatitis, psoriatiform eruption, and papulonecrotic 
tuberculid as the types of systemic cutaneous reactions. The management of these 
includes cessation of BCG immunotherapy and observation. If the patient pro- 
gresses over several days or develops significant systemic symptoms, antituberculous 
therapy is started, and the patient is given a short course of corticosteroids with 
rapidly tapering doses over a period of five days. Antituberculous therapy is contin- 
ued for at least one month and the patient is considered to be unacceptable for BCG 
immunotherapy in the future. Such patients are usually placed on subcutaneous C. 
parvum as an alternative. 

Finally, patients receiving BCG immunotherapy may develop systemic BCG 
disease. This is manifested by fever, malaise, night sweats, weight loss, and is 
associated with rather severe changes in hepatic function. Diagnosis is made by 
biopsy and culture of bone marrow and/or liver. In approximately 3000 patients 
who have received BCG by scarification in our clinic, only 2 have developed sys- 
temic BCG disease, even though BCG has been administered to several hundred 
patients who were severly myelo- and immunosuppressed during chemotherapy for 
acute leukemia. In contrast, the incidence of systemic BCG disease may be as high 
as 50%, although it is usually approximately 5% among patients receiving relatively 
large doses of BCG intralesionally. Treatment of systemic BCG disease involves the 
usual combination chemotherapy for tuberculosis. Response can be anticipated in 
every case since the organism is sensitive. 

Many investigators have expressed concern over the possibility of tumor enhance- 
ment induced by BCG, when used either alone or in combination with chemother- 
apy or other forms of immunotherapy. Since this is a real possibility and has been 
demonstrated in animal models and in our own experience, we suspect that tumor 
enhancement occurred in one small group of melanoma patients seen in our clinic 
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who received one low-viability, low-dose lot of BCG from a particular supplier. 
Carefully controlled studies are required to rule out this possibility. 


LOCAL-REGIONAL IMMUNOTHERAPY WITH BCG 


Local-regional immunotherapy with BCG and its derivatives has great potential. 
Animal model studies already discussed have indicated that primary intralesional 
injection of tumor can cause regression of that injected nodule, inhibition of the 
development of regional lymph node metastases, and increased generalized or sys- 
temic tumor immunity (60). The requirements for this effect are either intimate 
contact between the BCG and the-tumor cells, or that the tumor and the BCG be 
in the same regional lymph node drainage. The adjuvant effect and the induction 
of specific tumor immunity therefore probably involve interaction between tumor 
antigen and products of the BCG organisms at the lymph node level. At the local 
tumor site after BCG inoculation, there is an acute followed by a chronic inflamma- 
tory response, the latter stages of which probably involve the development of de- 
layed-type hypersensitivity (58). Killing of tumor cells is the result of a bystander 
effect of this delayed hypersensitivity reaction, as well as specific tumor immunity. 

Direct intralesional immunotherapy has been applied to metastatic nodules of 
breast cancer and. melanoma (103), as described above, and probably would be 
effective against most tumors. Usually, the injected nodule regresses while distant 
metastatic nodules do not regress. Regression is usually not observed in severely 
immunologically incompetent hosts. This suggests that efforts to restore im- 
munocompetence might precede intralesional therapy with BCG. BCG subcompo- 
nents are also active in intralesional therapy. This includes PPD treatment of 
squamous tumors, and BCG cell-wall skeleton and MER treatment of melanoma 
nodules (110). 

Perhaps potentially more important in the long run is not treatment of metastatic 
nodules, but local regional therapy of early or primary cancer. This is likely to be 
effective in those cases in which the tumor first metastasizes by regional lymph 
nodes, and in which microscopic metastases are present at the time of surgery, 
making the prognosis poor. Induction of vigorous tumor immunity by local regional 
immunotherapy under this circumstance should markedly improve the patient’s 
prognosis. This has already been demonstrated in melanoma (112) and in lung 
cancer (49), and very much needs to be widely applied in a variety of other solid 
tumors. Local-regional immunotherapy for tumors that metastasize to liver or to 
lung via hematogenous routes could be treated by local-regional immunotherapy by 
means of intravenous or intraarterial administration of various microbial fractions. 
One experiment is already underway in which intralesional BCG is being given for 
primary levels IV or V malignant melanoma, in hopes of improving the prognosis 
(96). 


SUMMARY AND CONCLUSIONS 


Immunotherapy with BCG is a clinical discipline that is approximately 10 years old. 
The cutaneous application of BCG has shown some efficacy in the treatment of 
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leukemia; lymphoma; melanoma; sarcoma; breast, colon, lung, bladder, head and 
neck cancer; and other tumors. The usual activity of BCG is prolongation of 
remission duration and survival in association with conventional therapy. BCG has 
been shown to be active in advanced as well as minimal residual disease. Improve- 
ment in response rates occurs occasionally, but has not been generally observed. The 
effect of BCG is usually modest, and it certainly is not a panacea. Indeed, not all 
studies in a given disease category have yielded positive immunotherapeutic results, 
although in some of these inadequate dose, route, or schedule of adnie of 
BCG may explain the negative result. 

While BCG immunotherapy appears to be indicated in a variety of disease catego- 
ries, since it usually does not improve the response rate and has modest therapeutic 
efficacy, it may well be superseded by more effective approaches in the future. These 
would include other approaches to immunotherapy, particularly systemic im- 
munotherapy, as well as more effective approaches to adjuvant treatment with 
chemotherapy or immunotherapy in that setting. Future prospects for immunoth- 
erapy with BCG include refinements in dose, route, and schedule of administration. 
We can also anticipate improvement in product characteristics, including standardi- 
zation, viability, and lack of contaminating undesirable components. Most impor- 
tant will be the development of purified subfractions and the active molecular 
components of the whole organism. These would include components with adjuvant 
activity, cross-reactive antigenicity and immunogenicity with the tumor, and per- 
haps direct antitumor activity. Also, either with intact BCG organisms, or more 
likely with a purified component of BCG as well as other bacterial adjuvants, 
systemic immunotherapy wili be explored actively. This will require intravenous 
administratión of the materials. Finally, the potential of early or primary local- 
regional immunotherapy has barely begun to be explored. Preliminary results from 
both animal models and clinical trials suggest that this approach with BCG, other 
microbial adjuvants, or one of the subfractions, may alter the response rates to 
surgery or radiotherapy and the ultimate cure rates of conventional therapy. 
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INTRODUCTION 


Among the primary functions of the gastrointestinal tract are ingestion, digestion, 
and absorption of food and assimilation of resulting substrates into the body cell 
mass. Any one or more of a variety of pathologic processes may significantly 
compromise any or all of these vital functions, and homeostasis and nutritional 
integrity might well become dependent upon parenteral administration of essential 
biochemical substrates for extended periods of time. The successful clinical applica- 
tion of intravenous hyperalimentation has allowed total parenteral nutrition to be 
a reality for the first time (1). Using this technique, it is now possible to provide the 
quantity and quality of essential nutrients necessary to maintain positive nitrogen 
balance and to achieve weight stability or. gain in adults and normal growth and 
development in infants under a wide variety of conditions usually associated with 
a catabolic response. Having the.capacity to feed patients adequately by vein has 
given the physician an option to bypass a malfunctioning alimentary tract for as long 
as necessary to allow return of normal or maximal function, while simultaneously 
maintaining or improving the nutritional status of the patient. Moreover, a period 
of relative gastrointestinal-tract rest, which total parental nutrition makes possible, 
allows time for the diseased or disordered segment of the system to be spared from 
secretory and mechanical stimulation and its usual functions while it is being 
repaired or restored. Furthermore, the feasibility of administering all required nutri- 
ent substrates by parenteral means has provided basic and clinical investigators with 
a valuable and novel model for studying the physiologic and pathophysiologic 
processes and reactions of the gastrointestinal tract and other body systems and for 
achieving absolute control of substrate input for metabolic studies. 

Restoration and maintenance of nutritional and metabolic homeostasis must be 
concomitant goals throughout all phases of diagnosis, therapy, recovery, convales- 
cence, and rehabilitation of patients (2). This is best accomplished by conscientious 
attention to dietary regimens, tailored to the specific requirements and conditions 
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in individual patients, and delivered to the gastrointestinal tract by mouth, by a 
variety of enteral feeding tubes, or by surgical ostomies whenever possible and 
practical. However, when use of the alimentary tract for delivering nutrients is 
inadequate, ill-advised, or impossible for extended periods of time, nourishment 
must be supplemented or accomplished entirely by parenteral routes. The basic 
indications for application of total parenteral nutrition clinically are for support and 
management of patients who cannot eat, will not eat, should not eat, or cannot eat 
enough. 


Applications when Adequate Enteral Intake is Impossible 


The many specific conditions in which use of the alimentary tract for optimally 
nourishing a patient may be impossible can be classified into the following catego- 
ries: (a) mechanical obstruction; (b) reflex or postoperative ileus; (¢) acute inflam- 
matory, catabolic, or malabsorptive processes; and (d) short-gut syndrome. 

Enteral nutrition is impaired by obstruction of the alimentary tract by any lesion 
or disorder that either totally or partially impedes the natural flow of nutrients 
through the lumen. Conditions that gradually produce obstruction of the alimentary 
tract often cause a progressive and insidious form of malnutrition that may be easily 
corrected by total parenteral nutrition. However, sudden onset of acute obstruction 
of the alimentary tract usually requires prompt operative intervention before a 
meaningful program of nutritional rehabilitation can be undertaken. The most 
frequent and significant complications following definitive operations for lesions that 
have gradually obstructed the upper gastrointestinal tract are related directly to the 
nutritional deficits incurred before operation. Every patient who is to undergo a 
surgical procedure for a nonacute obstructing lesion of the alimentary tract should 
be given serious consideration as a candidate for preoperative parenteral feeding. 
Thus, by using parenteral nutrition, not only can the incidence of postoperative 
anastomotic failure be reduced, but the patient can better tolerate the effects of the 
catabolic response to the operation and avoid many of the other complications that 
often prolong morbidity or increase mortality. If an anastomotic leak occurs, it can 
frequently be managed satisfactorily by a conservative regimen of simple drainage, 
bowel rest, and total parenteral nutrition, thus avoiding another major operation in 
most cases. 

Complete obstruction of the small or large bowel is usually treated best by 
immediate operation. Occasionally, when the question of complete versus partial 
obstruction is unanswered, especially when the primary etiology is regional enteritis, 
granulomatous colitis, ulcerative colitis, or diverticulitis, patients can be partially 
replenished with vital biochemical substrates until the diagnosis is established and 
definitive therapy is undertaken. Operation should not be delayed when the clinical 
condition of the patient suggests imminent danger. On the other hand, every oppor- 
tunity should be taken to supply the depleted cellular milieu with essential nutrients 
from which life-sustaining proteins can be synthesized. 

Total parenteral nutrition in children has been particularly applicable to situa- 
tions in which extensive operative resection or reconstruction of gastrointestinal 
continuity has been necessary during the neonatal period, as well as to conditions 
that render the alimentary tract temporarily ineffective as a means of sustaining 


INTRAVENOUS HYPERALIMENTATION 519 


normal nutrition. Despite the gravity of the insult imposed by lesions of the alimen- 
tary tract, infants have been successfully supported during preoperative, operative, 
and postoperative management of complex congenital anomalies. Moreover, in- 
travenous hyperalimentation allows growth and development of the infant, permit- 
ting specific organs to mature, heal, or recover sufficiently to achieve normal 
function or to adapt to resected or altered components of the alimentary tract. The 
problem of managing severely premature or immature neonates is just as great as 
managing an infant with the short-gut syndrome. In both instances, the infant’s 
inability to maintain normal enteral nutrition is aggravated by limited organ func- 
tion. Total parenteral nutrition can support normal growth and development of the 
infant until the alimentary tract is functional and self-sufficient. 

Prolonged adynamic ileus may result from myriad metabolic, traumatic, reflex, 
or inflammatory disorders. In all of these conditions, the association of starvation 
with the catabolic process, determined in large measure by the etiology of the ileus, 
establishes a sequence of events that can lead to steady deterioration and death if 
the process is not interrupted. If a patient is unable to resume oral intake within 
seven days after an operation, parenteral nutrition should be instituted. However, 
total parenteral nutrition is never a substitute for adequate surgical or medical 
therapy, and abscesses must be drained, obstructions relieved, foreign bodies re- 
moved, infections controlled, and fluid and electrolyte balance achieved for optimal 
patient management to be realized. 

Enteral feeding is not only frequently impossible, but may be contraindicated in 
a patient who has acute pancreatitis. Bowel rest appears to be one of the most 
important therapeutic measures in managing this disorder because of the reduced 
stimulation of digestive hormones and enzymes. However, total bowel rest imposes 
de facto a state of starvation upon a patient who already has increased demands for 
nutrients. The application of total parenteral nutrition has obviated this therapeutic 
dilemma. Moreover, pancreatic fistulas have closed spontaneously while the patient 
was maintained on this regimen (3). k 

In patients who have sustained major full-thickness burns or other complicated 
traumas, and in whom nutrient requirements cannot be met by enteral feeding, as 
many as 5000 to 7000 cal/day have been provided totally by vein or by using a 
combination of oral, tubular and intravenous feedings. Using combination tech- 
niques, over 200 g of protein equivalent have been given to selected patients with 
multiple injuries. 

Massive loss of small bowel, for whatever reason, leaves the patient in a situation 
in which normal oral nutritional sustenance is impossible. Following massive resec- 
tions, the residual bowel is incapable of immediately performing the secretory and 
absorptive functions formerly accomplished by the entire intestine. Applying the 
technique of total parenteral nutrition for several months in such patients has been 
lifesaving (4). 


Applications when Adequate Enteral Intake is Inadvisable 


During the early phases of granulomatous enterocolitis, mucosal involvement passes 
through a phase that may be compared to a first-degree burn, that is, minimal 
inflammation without significant loss of tissue and with the possibility of complete 
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recovery. Another group consists of patients with granulomatous enterocolitis, who. 
have bowel injuries roughly comparable to second-degree burns, that is, serious 
epithelial damage from which recovery is possible if the residual viable basilar cells 
are adequately protected from further injury. The institution of a regimen of bowel 
rest and total parenteral nutrition has significant application in both of these circum- 
stances. In some patients, however, the inflammatory response is so severe that 
spontaneous complete recovery of the bowel is unlikely or impossible, a condition 
analogous to a third-degree burn. Under these circumstances, operation is usually 
required. 

In a series of 52 consecutive patients with inflammatory bowel disease treated with 
intravenous hyperalimentation, patients with granulomatous enterocolitis re- 
sponded more favorably than those with chronic or acute ulcerative colitis (4-6). 
The responses to bowel rest and total parenteral nutrition delineated three categories 
to which the burn analogy could again be applied: (a) those patients in whom the 
disease became quiescent in a few weeks and normal oral intake was reinstituted, 
a situation comparable to first-degree burns; (b) those in whom the disease became 
inactive after several weeks of intravenous hyperalimentation, a group analogous to 
second-degree burns; and (c) those in whom the disease process did not respond and 
in whom some form of operative procedure was required, similar to third-degree 
burns. The second group could actually be subdivided into two categories analogous 
to superficial areas that usually heal completely, and more deeply diseased areas that 
do not heal and often become thé foci of abscesses, fistulas, or obstructions, as a 
result of superimposed infection and mechanical or chemical trauma. 

In our clinical study, 53.8% of the patients responded to bowel rest and total 
parenteral nutrition by sufficient healing of the involved tissues to allow resumption 
of normal oral feeding. During the period of intravenous hyperalimentation, which 
averaged 36.3 days for each patient in this group, the epithelium apparently healed 
in a manner similar to that of a first-degree burn. The second group consisted of 
13 patients (25%) in whom remission of the disease was achieved, but operation was 
required because of a complication associated with some other manifestation of the 
disease process; they were analogous to second-degree burn patients. Eleven of the 
patients (21.2%) had a favorable response to the regimen of bowel rest and total 
parenteral nutrition, but did not show any objective evidence of improvement of the 
underlying disease process. Although all of these patients eventually required opera- 
tion, many of them did not have evidence of cicatrix formation and obstruction. 
However, the damage to the bowel was sufficiently advanced that even with the 
prolonged elimination of intraluminal food and reduction of digestive juices from — 
the diseased bowel segments, appreciable mucosal regeneration had not occurred. 
These patients were analogous to the third-degree burn patients. 

In all categories of inflammatory bowel disease treated by a program of total 
parenteral nutrition, significant improvement of the overall nutritional status of the 
patient was observed, regardless of the response of the disease. Even when operation 
was ultimately required, the patient was much better able to tolerate the surgical 
trauma and to achieve prompt and complete recovery and rehabilitation. We con- 
clude, therefore, that total parenteral nutrition is indicated in patients who have 
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granulomatous enterocolitis in each of the following conditions: (a) prolonged 
periods of:active disease associated with significant catabolism; (2) preoperative 
and postoperative periods of patients requiring operation; (c) intestinal obstruction; 
(d) short-bowel syndrome resulting from massive intestinal resection; (e) indolent 
wounds and fistulas; and (/) periods of bowel rest during acute exacerbation of the 
disease. : 

Prior to the clinical application of intravenous hyperalimentation, the manage- 
ment of internal and external intestinal fistulas was accompanied by significant 
morbidity and very high mortality rates. Virtually all patients with such complica- 
tions suffered some degree of nutritional depletion, which was further aggravated 
by presence of a fistula. Although the nutritional deficits were obvious, a uniformly 
successful technique for the repair of such deficits was not available. The level of 
the fistula within the alimentary tract usually determined whether or not some form 
of enteral alimentation could be accomplished. A fistula from the upper intestinal 
tract, such as the duodenum or jejunum, could not be managed successfully in most 
instances with enteral feedings. Fistulas from the distal portions of the alimentary 
tract, particularly the colon, were more likely to close during oral feeding. For these 
reasons, prompt operation was the classical treatment for all upper gastrointestinal- 
tract fistulas; the operative risk was high, and failure was common. Application of 
-the technique of bowel rest and total parenteral nutrition has eliminated the urgency 
for early high-risk operations and has yielded much more satisfactory results (7). 

Our series now includes more than 100 consecutive patients with enterocutaneous 
or enteroenteral fistulas, and we have achieved a spontaneous closure rate of 70.5% 
of those fistulas. The overall mortality rate in this group has been 6.45%, which is 
in contrast to previously reported mortality rates of 40-65% in similar series. Of 
the 21.8% of our patients who required operation, the mortality rate was only 
6.67%. The 7.7% of fistulas that never did. close were all in patients who died. 

Several specific conditions can inhibit spontaneous closure of internal and ‘exter- 
nal fistulas despite an adequate program of bowel rest and total parenteral nutrition. 
Distal bowel obstruction, the presence of a foreign body, epithelialization of the 
fistula tract, the presence of an adjacent intraabdominal abscess, and sometimes the 
effects of irradiation or of contiguous malignant disease will render nonoperative 
therapy inadequate. Recently, however, spontaneous closure has been achieved in 
some patients who had fistulas associated with irradiation damage or neoplasm. 
Total parenteral nutrition serves as an excellent means for preparing such patients 
for operation, but spontaneous fistula closure should not be expected or sought when 
such major obstacles are present. 

Patients who have acute or chronic renal failure and in whom feeding via the 
alimentary tract is either impossible or inadequate have also been supported satisfac- 
torily by vein with specially formulated solutions of -amino acids, hypertonic 
dextrose, vitamins, and minerals (8, 9). In addition to the usual catabolic state in 
such patients, a self-imposed state of semi-starvation often results from the asso- 
ciated anorexia. In other patients who have some degree of hepatic dysfunction, 
total parenteral feeding has been successful by using diets tailored to specific amino 
acid requirements that appear to exist under these conditions (10). Finally, patients 
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with certain cardiac disorders have shown significant improvement both in myocar- 
dial function and nutritional status following relatively short periods of parenteral 
nutritional support (11). 


Applications for which Adequate Enteral Intake is Improbable 


Table 1 lists a diverse group of disease states in which the maintenance of a balanced 
enteral dietary regimen is very unlikely, even though the alimentary tract may be 
potentially or partially functional. Some of these conditions appear more than once 
in the table because the disease process may have very different effects on enteral 
nutrition in particular patients. The interrelationships of these conditions to each 
other and to malnutrition in general need no further comment. 

The nutritional status of patients receiving cancer chemotherapy warrants brief 
discussion. Many of.these patients are already in a state of significant malnutrition 
secondary to a combination of the parasitic nature of the malignant process itself, 
the catabolism of previous surgical procedures or postoperative complications, and 
the anorexia associated with both. Chemotherapeutic agents themselves cause addi- 
tional insult to the nutritional status of the patient by aggravating catabolic pro- 
cesses and often rendering the patient anorectic. In cancer patients receiving 
chemotherapy, radiation therapy, immunotherapy, or a combination of modalities, 
application of bowel rest and total parenteral nutrition has reduced the manifesta- 
tions of alimentary-tract toxicity and has allowed administration of as much as two 
to three times the usual chemotherapeutic dose without serious deleterious effects 
and with enhanced salutary results in many instances (12). 

In many patients who have malignant diseases or other debilitating processes, 
immunoincompetence, indicated by anergic responses to a battery of skin-test anti- 
gens, has been reversed and normal immunologic mechanisms have been restored 
when sufficient nutritional support was provided via intravenous hyperalimentation 
(13, 14). Early results indicate that this effect improves the ability of the patient to 
resist infection and bolsters natural immunologic defense mechanisms against. the 
neoplastic process. The potential of this technique as an adjunct to the various forms 
of cancer therapy has not yet been fully explored or exploited. 

In patients with such disorders as anorexia nervosa, hyperemesis gravidarum, and 
senile dementia, total parenteral nutrition can be a valuable technique for restoring 
nutritional status when attempts to use the gastrointestinal tract are ineffective. 
Finally, maintenance of the anabolic state in patients who have major debilitating 
disorders or who require major operative procedures may decrease the incidence of 
complications, reduce the duration and cost of hospitalization, and achieve more 
rapid and complete patient recovery and rehabilitation. 


Applications when Adequate Enteral Intake is Hazardous 


Each of the conditions listed in Table 1 has an apparent association with malnutri- 
tion, but to use standard diets or even specialized enteral feeding techniques can be 
hazardous and potentially lethal. In almost all of these situations, oral or tubular 
feedings are associated with an unacceptably high incidence of aspiration pneumo- 
nia. When properly carried out, total parenteral nutrition affords the safest and most 
judicious means of achieving satisfactory metabolic rehabilitation of such patients. 
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Hazards of Total Parenteral Nutrition 


The infectious and technical problems related to long-term central venous catheters 
are listed in Table 2. Of course, prevention of infection and sepsis is of utmost 
importance to the safety and efficacy of long-term total parenteral nutrition. If 
aseptic and antiseptic principles are conscientiously practiced during the insertion 
and subsequent maintenance of the indwelling central venous feeding catheter, the 
incidence of catheter-related sepsis is indeed very low (15, 16). Because hypertonic 
nutrient solutions are excellent culture media for many species of bacteria and fungi, 
meticulous asepsis must also be maintained during solution preparation, additive 
injection, and long-term infusion. If fever should occur in a patient receiving total 
parenteral nutrition, the physician must immediately attempt to define its source in 
the ears, nose or throat, chest, urinary tract, gastrointestinal tract, or wound. If the 
etiology of the fever cannot be determined readily, the nutrient solution and tubing 
must be empirically and promptly replaced, and specimens of the blood and the 
solution must be cultured for aerobic and anaerobic bacteria and for fungi. Should 
the fever persist after replacement of the solution and administration apparatus, the 
infusion must be terminated immediately. The indwelling subclavian vein catheter 


Table 2 Hazards of total parenteral nutrition related to central venous catheterization 





Infectious 


1. Insertion-site contamination 
a. Contamination during insertion 
b, Contamination during routine care 
2. Catheter contamination 
a. Improper technique inserting 
catheter 
b. Administration of blood via feed- 
ing catheter 
c. Use of catheter to measure central 
venous pressure 
d. Use of catheter to obtain blood 
samples 
e. Use of catheter to administer 
medications 
f. Contaminated solution during 
preparation or additives 
g. Contaminated tubing via connec- 
tions 
h. Three-way stopcocks in system 
3. Secondary contamination 
Septicemia, bacterial or fungal 
Septic emboli 
Osteomyelitis of clavicle 
Septic arthritis . 
Endocarditis 


i id 


Technical 


Pneumothorax 
Tension pneumothorax 
Hemothorax 
Hydrothorax 
Hydromediastinum 
Cardiac tamponade 
Brachial plexus injury 
Horner’s syndrome 
Phrenic nerve paralysis 
Carotid artery injury 
Subclavian artery injury 
Subclavian hematoma 
Thrombosis, subclavian vein or superior 
vena cava 
Arteriovenous fistula 
Venobronchial fistula 
Air embolism 
Catheter embolism 
Thromboembolism 
Catheter misplacement 
Cardiac perforation 
Endocarditis 
Thoracic duct laceration 
Innominate or subclavian vein laceration 
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must be removed, and the distal tip of the catheter must be cultured for aerobic and 
anaerobic bacteria and for fungi. Depending upon the clinical situation, another 
feeding catheter may be inserted into the opposite subclavian vein, or administration 
of isotonic dextrose solution may be started via a peripheral vein to insure against 
postinfusion hypoglycemia. Systemic broad-spectrum antibiotic therapy or antifun- 
gal therapy is rarely required. However, if desired, or if the patient shows persistent 
signs of sepsis, an antimicrobial regimen may be instituted at this time and modified 
when specific sensitivity testing has been completed. 

The existence of fever or evidence of sepsis prior to the institution of total 
parenteral nutrition does not necessarily contraindicate the use of the technique 
(17). In a traumatized, debilitated, or critically ill patient, sepsis often accentuates 
the nutritional requirements. Specific antimicrobial therapy has already been in- 
stituted in most of such patients, and although seeding of the indwelling catheter 
by circulating microorganisms is a definite possibility, it has not proved to be an 
overwhelming clinical problem. In fact, resolution of systemic infections has oc- 
curred regularly during the periods of total parenteral nutrition. However, if the 
clinician suspects that the infectious course of the patient might be caused or 
aggravated by the superior vena caval catheter, it should be removed and cultured 
promptly. 

Although development of thrombophlebitis is always possible with the use of 
long-term indwelling catheters and hypertonic solutions, superior vena caval throm- 
bosis has not been observed clinically in more than 4000 patients. Apparently, the 
high rate of blood flow in this large-diameter vessel assures prompt dilution of the 
hypertonic fluid and prevents chemical phlebitis. Furthermore, attention to sterility 
has practically eliminated infectious thrombophlebitis. However, rare incidences of 
thrombosis have occurred in patients when the catheter tips were misdirected into 
or malpositioned in an external jugular, internal jugular, internal mammary, or 
axillary vein. Other central venous catheter—related hazards, such as an inadvertent 
air embolism and catheter embolism, can be avoided easily by adherence to princi- 
ples and techniques of safe central venous catheterization reported in previous 
publications (1, 18, 19). A thorough knowledge of anatomy, combined with com- 
mon sense and strict adherence to the principles and techniques of percutaneous 
subclavian vein catheterization, should minimize the potential hazards of accidental 
pneumothorax, hydrothorax, hemothorax, hydromediastinum, subclavian artery 
puncture, bleeding, arteriovenous fistula, endocarditis, injury to the thoracic duct, 
venobronchial fistula, injury to the brachial plexus or sympathetic chain, os- 
teomyelitis of the clavicle, or even death. 

Nonketotic hyperosmolar hyperglycemia can be precipitated acutely by infusion 
of the hypertonic nutrient solution too rapidly with resultant marked osmotic 
diuresis, serum and urine electrolyte aberrations, dehydration, and central nervous 
system derangements. This syndrome can also occur insidiously when chronically 
impaired glucose utilization is not recognized, particularly in the patient with dia- 
betes mellitus, sepsis, extensive burns, major trauma, or intracranial operations. If 
blood and urine sugar concentrations are not conscientiously monitored in such 
patients, significant hyperglycemia and dehydration can ensue, with accompanying 
weakness, listlessness, and eventually coma. Basic treatment of nonketotic hyperos- 
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Table 3 Potential metabolic hazards of total parenteral nutrition 








Hazards 


Possible explanations 





1. Glucose-metabolism: 

a. Hyperglycemia, glycosuria, osmo- 
tic diuresis, nonketotic hyperos- 
molar dehydration and coma 

b. Ketoacidosis of diabetes mellitus 


c. Postinfusion (resound) hypogly- 
cemia 


2. Amino acid metabolism: . 
a. Hyperchloremic metabolic acido- 
sis 


b. Serum amino acid imbalance 


c. Hyperammonemia 


d. Prerenal azotemia 


3. Calcium and phosphorus metabolism: 
a. Hypophosphatemia 
1. decreased erythrocyte 2,3-di- 
phosphoglycerate 
2. increased affinity of hemo- 
_ globin for oxygen 
3. aberrations of erythrocyte 
intermediary metabolites 
b. Hypocalcemia 


c. Hypercalcemia 


d. Vitamin D deficiency; hypervita- 
minosis D ` 
4. Essential fatty acid metabolism: | 
Serum deficienc:es of phospho- 
lipid linoleic and/or arachidonic 
acids, serum elevations of A- 
5,8,11-eicosatrienoic acid 


Excessive total dose or rate of infusion 
of dextrose; inadequate endogenous 
insulin; glucocorticoids; sepsis 

Inadequate endogenous insulin response: 
inadequate exogenous insulin therapy 

Persistence of endogenous insulin pro- 
duction secondary to prolonged stimu- 
lation of islet cells by high-carbohydrate 
infusion 


Excessive chloride and monohydrochlor- 
ide content of crystalline amino acid 
solutions 

Unphysiologic amino acid profile of the 
nutrient, solution; different amino acid 
utilization with various disorders 

Excessive ammoniain protein hydrolysate 
solutions; deficiencies of arginine, orni- 
thine, aspartic acid, and/or glutamic 
acid in crystalline amino acid solutions; 
primary hepatic disorder 

Excessive total dose or rate of infusion 
of protein hydrolysate or amino acid 
solution 


Inadequate phosphorus administration, 
redistribution of serum phosphorus in- 
to cells and/or bone i 


Inadequate calcium administration; re- 
ciprocal response to phosphorus reple- 
tion without simultaneous calcium 
infusion; hypoalbuminemia 

Excessive calcium administration with or 
without high doses of albumin; exces- 
sive vitamin D administration 

Inadequate or excessive vitamin D ad- 
ministration : 


Inadequate essential! fatty acid adminis- 
tration; inadequate vitamin E adminis- 
tration 
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Table 3 (Continued) 





Hazards Possible explanations _ 





7 $. Miscellaneous: 
a.” Hypokalemia Inadequate potassium intake relative to 
: increased requirements for protein 
anabolism; diuresis 


b. Hyperkalemia Excessive potassium administration, 
especially in metabolic acidosis; renal 
decompensation 

c. Hypomagnesemia Inadequate magnesium administration 


relative to increased requirements for 
protein anabolism and glucose metab- 


g olism 
d. Hypermagnesemia ` Excessive magnesium administration; 
renal decompensation . 
e. Anemia Iron deficiency; folic acid deficiency; 


vitamin B-12 deficiency; copper defi- 
ciency; other deficiencies 


f. Bleeding . Vitamin K deficiency 
g. Hypervitaminosis A Excessive vitamin A administration 
h. Elevations in SGOT, SGPT, and Enzyme induction secondary to amino 
serum alkaline phosphatase acid imbalance; excessive glycogen 
‘ _ and/or fat deposition in the liver 
i. Cholestatic hepatitis Decreased water content of bile 


molar hyperglycemia consists of judicious infusion of isotonic or half-strength solu- 
tions of saline or dextrose, together with insulin, while simultaneously obtaining 
frequent measurements of fluid loss, central venous pressure, serum and urine 
electrolytes, and blood glucose. Thorough assessment and understanding of the 
patient’s underlying disease processes and metabolic status, and proper use of estab- 
lished principles of the technique of intravenous hyperalimentation should obviate 
the vast majority of the potential metabolic hazards of total parenteral nutrition 
listed in Table 3 (20). 

Other rare metabolic hazards that can arise during | total parenteral nutrition are 
usually iatrogenic, and include fluid overload, hypernatremia, hyponatremia, hyper- 
magnesemia, trace-element deficiencies, acne, and acalculous cholecystitis. Al- 
though these infrequent hazards can usually be avoided by adherence to the 
established principles and techniques of total parenteral nutrition, the clinician must 
be ever alert to the possibility of their occurrence. 


CONCLUSIONS 


The current technique of total parenteral nutrition (intravenous hyperalimentation) 
is relatively safe and efficacious, but will undoubtedly undergo change and modifica- 
tion as improved techniques and materials become available. With judicious applica- 
tion of the technique as a clinical therapeutic and investigative tool, new indications 
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for general and specific total parenteral nutrition will likely expand and extend into 
every medical discipline. As relatively few of the potential applications for total 
parenteral nutrition have been thoroughly explored or exploited, the clinical and 
laboratory research possibilities appear to be virtually limitless. Thus, as increasing 
knowledge and experience are gained, applications of total parenteral nutrition will 
inevitably be expanded and will become more specific, and the hazards will no doubt 
decrease. 
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